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INTRODUCTION. 


The  investigation  of  smallpox  is  attended  with  difficulties. 
The  disease  only  appears  at  intervals.  The  cases  are  not 
treated  in  well-organized  hospitals  where  there  are  facilities 
for  and  the  habit  of  the  investigation  of  disease.  The  hos- 
pitals in  which  the  disease  is  treated  are,  as  a  rule,  used  only 
at  intervals  and  are  unprovided  with  laboratories.  The  great 
stimulus  to  research,  clinical  teaching,  has  no  place  in  them. 
The  energies  of  the  physicians  in  charge  are  entirely  taken 
up  in  controlling  the  exigencies  of  an  unusual  situation.  This 
isolation  of  the  disease  is  unfavorable  in  that  the  valuable  aid 
given  by  constant  comparison  with  other  diseases  is  lost. 

Difficulties  also  attend  the  experimental  study  of  the 
disease.  Such  study  cannot  be  carried  out  in  ordinary  labo- 
ratories owing  to  the  fear  of  infection  extending  from  the 
laboratory.*  The  ordinary  laboratory  animals,  as  rabbits, 
guinea-pigs,  and  all  the  domestic  animals,  are  immune  to  the 
disease.  The  only  animal,  so  far  as  is  known  at  present,  which 
is  susceptible  is  the  monkey.  These  are  expensive,  difficult 
to  acquire,  and  in  this  climate  very  susceptible  to  disease. 
The  majority  of  monkeys  obtained  from  animal  dealers  are 
infected  with  tuberculosis. 

During  the  epidemic  of  smallpox,  which  prevailed  in 
Boston  in  1901  and  1902,  an  investigation  of  the  disease  was 
undertaken  by  members  of  the  pathological  department  of 
the  Harvard  Medical  School.  The  health  authorities  of  the 
city  gave  every  facility  for  investigation  which  was  possible. 
Autopsies  were  held  on  fifty-two  cases  embracing  all  forms 
of  the  disease,  and  provision  was  made  enabling  certain  of 
the  investigators  to  vlive  in  the  smallpox  hospital  and  to 
undertake  there  some  experimental  work. 

•It  is  remarkable  how  persistent  is  this  fear  of  smallpox.  That  it  so  persists  is  an 
evidence  of  the  horrors  of  the  disease  in  the  pre-vaccination  period.  There  is  no 
disease  which  is  so  feared  by  the  community  as  is  smallpox,  and  certainly  none  against 
which  we  have  such  perfect  protection. 

(213) 
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In  the  course  of  this  investigation  it  was  found  that  certain 
cell  inclusions,  first  described  by  Guarnieri,  were  constantly 
associated  with  the  lesions  of  both  vaccinia  and  variola. 
These  bodies  are  not  of  invariable  form  but  they  show  a 
series  of  forms  corresponding  to  the  developmental  phases  of 
a  living  organism.  In  the  course  of  this  developmental 
series  a  body  much  larger  and  more  complicated  in  structure 
follows  the  smallest  and  simplest  forms,  which  body  finally 
segments  into  a  number  of  small  simple  forms  correspond- 
ing to  the  forms  which  are  the  first  to  appear  in  the 
lesions.  In  variola,  in  addition  to  the  forms  common  to  both 
vaccinia  and  variola  which  are  found  in  the  cytoplasm  of  the 
epithelial  cells,  a  new  body  appears  in  the  nuclei  of  the  epi- 
thelial cells  which  undergoes  a  development  dissimilar  to  that 
of  the  cytoplasmic  forms,  and  which  finally  results  in  the 
formation  of  a  sporoblast  with  spores. 

It  was  believed  by  the  investigators  that  these  inclusions 
were  living  parasites,  and  that  in  both  vaccinia  and  variola 
there  was  a  simple  development  taking  place  in  the  cytoplasm 
of  the  epithelial  cells.  In  smallpox  there  was  a  further 
development  which  took  place  within  the  nucleus  and  which 
terminated  in  the  formation  of  spores,  which  spores  consti- 
tuted the  contagium  of  smallpox.  The  material  was  further 
worked  over  by  Prof.  G.  N.  Calkins,  of  Columbia  University, 
who  described  a  life  history  embracing  both  the  cytoplasmic 
and  intranuclear  forms.  It  was  further  established  that  when 
vaccine  virus  was  inoculated  in  a  susceptible  animal  (and 
most  animals  are  susceptible)  a  typical  lesion  was  produced 
in  which  only  the  cytoplasmic  forms  of  the  organism  were 
found.  The  same  was  true  when  variola  virus  was  inoculated 
on  animals  not  susceptible  to  variola.  No  exanthem  devel- 
ops on  such  animals  after  inoculation  with  variola  virus. 
When  variola  virus  was  inoculated  on  the  monkey  an  exan- 
them analogous  to  that  of  variola  in  man  was  produced,  and 
in  both  the  primary  lesion  and  in  the  exanthem  both  the 
cytoplasmic  and  the  intranuclear  forms  of  the  parasite  were 
present. 

The  investigation  in  Boston  was  brought  to  a  close  by  the 
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lack  of  cases  and  the  difficulties  of  experimental  work.  The 
investigation  had  been  carried  to  a  point  where  further  exper- 
imental work  was  necessary  to  secure  all  phases  of  the  dis- 
ease variola,  to  study  further  the  inter-relation  between 
variola  and  vaccinia  and  the  immunity  problems  involved. 
For  these  purposes  the  extensive  use  of  monkeys  as  experi- 
mental animals  was  indispensable. 

To  secure  experimental  material,  the  best  conditions  for 
laboratory  work,  with  access  to  variola  in  man  to  obtain 
fresh  virus,  the  Biological  Laboratory  in  Manila  seemed  to 
offer  the  best  facilities.    The  proposition  was  favored  by  the 
Civil  Commission  of  the  Philippine  Islands,  who  gave  us 
every  facility  for  the  prosecution  of  the  work,  and  Drs.  W. 
R.  Brinckerhoff  and  E.  E.  Tyzzer,  who  had  taken  a  promi- 
nent part  in  the  investigation  of  smallpox  and  vaccinia  in 
Boston,  were    sent  to    Manila.    To    the    Hon.    Dean  C. 
Worcester,  Secretary  of  the  Interior,  Philippine  Islands,  we 
wish  to  express  our  appreciation  and  thanks  for  his  numerous 
efforts  in  our  behalf.    Dr.  Paul  C.  Freer,  Superintendent  of 
the  Bureau  of  Government  Laboratories,  took  much  interest 
in  our  work  and  essentially  furthered  it.    Dr.  Richard  P. 
Strong,  Director  of  the  Biological  Laboratory  in  which  we 
worked,  was  a  constant  support  to  us  in  our  work,  and  did 
much  to  make  our  stay  agreeable  as  well  as  scientifically 
successful.    We  wish  also  to  extend  our  thanks  to  the  mem- 
bers of  the  laboratory  staff,  especially  to  Dr.  William  E. 
Musgrave,  Assistant  Director,  Dr.  William  B.  Wherry,  Bacte- 
riologist, and  Dr.  Maximillian  Herzog,  Pathologist,  for  many 
favors. 

The  constant  supply  of  fresh  variola  virus,  requisite  for  our 
work,  was  secured  through  the  kindness  of  Major  E.  C. 
Carter,  Commissioner  of  Public  Health,  and  of  Dr.  V.  C. 
Heiser,  Chief  of  the  Quarantine  Service.  A  constant  supply 
of  fresh  vaccine  virus  was  given  us  by  Dr.  Paul  C  Woolley, 
Director  of  the  Serum  Institute.  Dr.  W.  R.  Molden,  Resi- 
dent Physician  at  the  Bilibid  Prisons,  and  Dr.  H.  B.  Wilkin- 
son, Resident  Physician  at  the  San  Lazaro  Hospital,  gave  us 
opportunity  to  study  the  clinical  material  under  their  control. 
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The  greater  part  of  the  funds  which  made  the  expedition 
possible  was  generously  supplied  by  Mr.  Augustus  Hemen- 
way,  Dr.  John  C.  Phillips,  and  Dr.  William  L.  Richardson. 
The  Rockefeller  Institute  for  Medical  Research  aided  the 
expedition  by  appointing  one  of  the  workers  to  a  research 
fellowship. 

If  material  taken  from  a  smallpox  lesion  in  man  be 
inoculated  on  an  epithelial  surface  of  a  calf,  after  a  definite 
period  a  lesion,  which  anatomically  closely  resembles  the 
parent  lesion,  the  pock,  is  produced.  Its  appearance  is 
accompanied  by  swelling  of  the  nearest  lymph  nodes,  fever, 
and  constitutional  disturb  ance.  After  the  process  has  sub- 
sided there  is  immunity  to  further  inoculation.  The  material 
from  the  lesion  transferred  to  an  epithelial  surface  on  another 
calf  produces  a  similar  result  and,  after  a  series  of  transfers 
from  animal  to  animal,  may  be  returned  to  man,  and  it 
develops  not  the  original  disease,  smallpox,  but  the  incom- 
parably milder  disease,  vaccinia. 

Many  of  the  strains  of  vaccine  virus  now  used  are  known 
to  have  been  derived  from  smallpox,  and  we  are  justified  in 
believing  that  all  strains  were  originally  so  derived.  Just 
how  many  transfers  from  animal  to  animal  is  necessary 
before  the  virus  loses  its  power  to  produce  smallpox  is  not 
known.  One  of  our  experiments  in  this  regard  is  interesting. 
The  contents  of  a  smallpox  vesicle  in  a  monkey  was  used  to 
inoculate  the  cornea  of  a  rabbit.  After  five  successful  trans- 
fers to  other  rabbits  the  virus  was  used  to  inoculate  a 
monkey,  and  not  vaccinia  but  smallpox  was  produced.  The 
disease,  vaccinia,  confers  immunity  not  only  against  vaccinia 
but  against  smallpox.  The  immunity,  though  not  absolute, 
is  stronger  than  is  developed  by  most  other  infectious  dis- 
eases. Vaccinia  differs  from  smallpox  in  three  striking 
respects  : 

First :  The  period  of  incubation  is  shorter,  being  in  man 
five  days.  The  incubation  period  of  smallpox  is  twelve 
days. 

Second  :  In  vaccinia  there  is  no  general  exanthem.  There 
may  be  a  few  vesicles  around  the  point  of  inoculation,  but 
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they  develop  simultaneously  with  and  not  after  the  main 
lesion,  and  are  probably  due  to  a  distribution  of  the  virus  at 
the  time  of  inoculation. 

Third  :  For  the  development  of  vaccinia  it  is  necessary  that 
the  virus  reach  directly  a  susceptible  epithelial  surface.  It 
may  be  placed  on  such  a  surface  or  be  carried  there  by  the 
blood  after  having  been  injected  into  the  blood  circulation. 
The  disease  may  also  be  transferred  from  individual  to 
individual  by  immediate  or  intermediate  contact,  but  there  is 
no  evidence  that  the  virus  can  be  transported  by  the  air  as 
can  that  of  smallpox. 

It  agrees  with  smallpox  in  the  similarity  of  the  lesion  pro- 
duced by  inoculation  to  the  pock,  and  in  the  fact  that  both 
diseases  may  be  produced  by  the  virus  of  variola. 

If  material  from  a  smallpox  lesion  be  placed  in  contact 
with  a  susceptible  epithelial  surface  of  man  or  of  the  monkey, 
there  develops  at  the  site  of  inoculation  a  lesion  larger  but 
having  the  general  characteristics  of  the  pock,  together  with 
constitutional  disturbances  and  an  exanthem  less  abundant 
but  otherwise  similar  to  the  exanthem  of  smallpox.  Immunity 
to  both  vaccinia  and  smallpox  follows  the  disease.    All  that 
we  know  of  this  variola  inoculata  in  man  is  from  the  old  litera- 
ture.   Inoculation  of  smallpox  to  confer  immunity  is  no 
longer  practised  in  civilized  lands.    Plehn  mentions  that  it  is 
still  practised  among  the  natives  in  Central  Africa.  We 
know  that  the  disease  so  produced  is  incomparably  milder 
than  smallpox.    The  best  results  were  obtained  when  the 
inoculation  was  made  superficially.    The  period  of  incuba- 
tion is  eight  days.    There  is  no  doubt  that  the  practice  of 
inoculating  smallpox  to  confer  immunity  would  have  been 
extensively  used  and  possibly  still  used  were  it  not  for  the 
fact  that  the  inoculated  individual  is  capable  of  transmitting 
to  others  the  true  disease.    There  is  no  qualitative  difference 
in  the  virus  of  variola  inoculata  as  compared  with  variola 
vera.    The  disease  differs  from  variola  vera  in  its  milder 
course  and  shorter  period  of  incubation.     There  are  no 
records  of  inoculation  being  made  elsewhere  than  on  the 
skin.    The  lymph  nodes  become  swollen  but  there  have 
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been  no  histological  examinations  of  the  skin  lesions  nor  of 
the  internal  organs  of  man. 

We  believe  that  the  disease  which  is  produced  in  monkeys 
by  inoculation  with  smallpox  virus  most  closely  corresponds 
with  variola  inoculata  in  man,  and  we  have  so  spoken  of  it. 
In  variola  vera  the  infection  is  due  to  a  virus  which  can  be 
carried  by  the  air,  and  infection  usually  takes  place  without 
either  mediate  or  intermediate  contact.    The  monkey  is  not 
susceptible  to  an  air-born  virus.    The  disease  was.  never 
transmitted  from  an  infected  animal  to  others  in  the  same 
cage.      The  monkeys  were  exposed  to  the  disease  in  the 
wards,  and  infected  material  was  placed  in  the  cages  with 
them.    Thinking  that  the  anthropoid  apes  might  prove  more 
susceptible,  orang  utans  were  procured  from  Java  and  sub- 
jected to  the  same  conditions.    One  of  the  orang  utans  was 
given  a  blanket  from  a  smallpox  patient,  which  it  used  to 
cover  with  and  without  infection  ensuing.    The  leucocyte 
reaction  in  smallpox  is  striking.    In  the  early  skin  lesions 
there  is  an  absence  of  leucocytes,  the  blood  shows  a  hypo- 
leucocytosis,  and  marrow  and  spleen  show  absence  of  forma- 
tion of  polynuclear  leucocytes.    There  is  increased  activity 
in  both  marrow,  lymph  nodes,  and  spleen,  but  the  differentia- 
tion of  young  cells  into  polynuclear  cells  does  not  take  place. 
In  the  monkey  there  is  none  of  this.  Both  the  area  of  inocu- 
lation and  the  exanthem  show  an  abundance  of  polynuclear 
leucocytes,  and  the  marrow  shows  a  leucoblastic  activity.  It 
would  be  most  important  to  know  if  this  were  also  true'  of 
variola  inoculata  in  man.    The  shortness  of  the  period  of 
incubation  in  monkeys  also  speaks  in  favor  of  variola  inocu- 
lata, but  there  is  no  variola  vera  with  which  to  compare  it. 
The  incubation  period  of  vaccinia  varies  in  man  as  compared 
with  animals.    The  first  thought  that  arises  in  endeavoring 
to  form  an  hypothesis  in  explanation  of   the  difference 
between  variola  vera  and  variola  inoculata  in  man  is  that  the 
inoculation  is  made  into  a  relatively  resistant  tissue,  and 
before  the  organisms  have  time  to  develop  sufficiently,  and  to 
so  infect  the  blood  that  an  extensive  skin  eruption  is  pro- 
duced by  embolism,  they  are  destroyed  or  rendered  inert  by 
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the  immune  substance.    This  would  satisfactorily  explain  the 
mild  course  but  not  the  short  incubation  period.    The  incu- 
bation  period  in  the  monkeys  was  found  to  be  very  defi- 
nite.    It  did  not  materially  vary  whether  the  incubation 
was  made  in  the  trachea,  or  by  blowing  dried  virus  into 
the  lungs  or  by  injecting  it  into  the  blood.    In  the  inocu- 
lated monkeys  the  lesions  in  the  bone  marrow  and  testi- 
cle, which  we  have  learned  to  regard  as  a  characteristic  feature 
of  smallpox,  are  absent.    In  one  monkey  only,  in  which  an 
abundant  exanthem   followed    intratracheal  inoculation,  a 
single  characteristic  lesion  was  found  in  a  seminal  vesicle. 
We  do  not  know  that  a  virus  similar  to  that  which  produces 
the  infection  in  variola  vera  is  formed  in  the  monkey.  The 
only  way  this  could  be  proven  would  be  by  exposure  of  non- 
protected individuals. 

Variola  inoculata  in  the  monkey  differs  from  variola  vera 
in  the  relatively  smaller  numbers  of  the  intranuclear  parasites 
which  are  present.  The  same  forms  are  found  as  in  man, 
but  are  so  few  that  a  prolonged  search  may  be  necessary  to 
find  them.  They  were  found  in  the  greatest  numbers  in  two 
cases,  one  an  orang  utan  and  the  other  a  Philippine  monkey 
inoculated  in  the  trachea.  Of  course  we  know  nothing  as  to 
the  relative  abundance  of  intranuclear  forms  in  variola  inocu- 
lata in  man. 

Certain  experiments  were  made  in  the  Philippines  with 
reference  to  the  immunity  produced  by  vaccinia  as  compared 
with  that  produced  by  variola  inoculata.    These  experiments 
were  not  sufficiently  numerous  and  varied  to  cover  the  entire 
field.     They  show,  however,  certain  interesting  features. 
The  immunity  produced  by  vaccinia  is  stronger  and  more 
fully  protective  than  that  produced  by  variola  inoculata. 
Further,  vaccinia  is  a  more  potent  virus  than  that  of  variola. 
It  was  found  easier  to  produce  immunity  to  variola  inoculata 
than  to  vaccinia.    The  evidence  is  that  the  immunity  is 
germicidal  in  character  for  the  serum  of  an  immune  animal 
inactivates  vaccine  virus.    We  have  not  been  able  to  make 
any  tests  with  the  serum  of  monkeys  immunized  by  the 
variola  virus.    Experiments  made  to  test  the  influence  of 
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unfavorable  external  conditions  on  the  virus  of  vaccinia  and 
variola  showed  that  vaccinia  was  much  more  resistant.  The 
variola  virus  seems  to  undergo  an  attenuation  after  passing 
through  a  series  of  monkeys,  finally  losing  the  power  of  pro- 
ducing an  exanthem,  although  a  typical  local  lesion  follows 
inoculation.  The  same  was  true  of  variola  virus  which  had 
been  subjected  to  the  influence  of  glycerine  for  various 
periods. 

It  is  generally  believed  that  in  man  the  primary  variola 
infection  takes  place  on  some  mucous  surface,  and  systematic 
infection  follows  from  the  development  of  the  organisms  at 
the  primary  focus.  There  is  no  anatomical  evidence  for  this 
assumption.  Such  a  protopustule  has  never  been  found. 
In  the  fifty-two  autopsies  made  in  Boston  careful  search  was 
made  for  such  a  lesion,  but  in  vain.  The  period  of  incuba- 
tion in  smallpox  runs  its  course  without  symptoms,  but  it 
would  be  possible  for  such  a  lesion  to  exist  in  the  lungs 
without  producing  symptoms,  as  can  a  considerable  tubercu- 
lous focus.  We  have  rarely  produced  the  evidence  of  a  sys- 
temic infection,  as  shown  either  by  immunity  or  by  exanthem, 
by  inoculating  on  the  mucous  membrane  of  the  nose,  mouth, 
or  palate,  or  on  the  cornea.  In  these  places,  owing  to  the 
absence  of  a  dense  horny  layer  which  would  retain  the 
products  in  the  lesion,  an  open  ulcer  was  formed  and  absorp- 
tion was  prevented.  Systematic  infection  did  result  both 
from  intratracheal  inoculation  and  from  blowing  the  dried 
virus  into  the  lungs.  In  this  case  absorption  would  take 
place  both  from  the  lesion  and  from  the  mucous  surface. 
The  type  of  disease  produced  in  the  monkey  was  not  affected 
by  varying  the  place  of  inoculation.  By  insufflating  the 
virus  into  the  lungs,  a  peculiar  form  of  pneumonia  was  pro- 
duced with  proliferation  of  the  alveolar  epithelium,  and  with 
the  cytoplasmic  forms  of  Cytoryctes  in  the  epithelial  cells. 
The  evidence  shows  that  variola  infection  can  take  place  in 
the  lungs. 

The  work  in  Manila  has  confirmed  and  strengthened  what 
was  stated  in  the  earlier  publications  concerning  the  Cyto- 
ryctes.   We  feel  sure  from  our  work  that  the  inclusions  in 
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the  cells  of  the  lesions  are  living  organisms.    It  seems  also 
sure  that  the  organism  described  does  not  conform  to  the 
type  of  other  known  organisms.    The  evidence  that  the 
tilings  described  are  living  comes  in  part  from  the  analogy 
of  structure  with  other  things  which  are  recognized  as  living 
organisms,  and  in  part  from  the  analogy  with  living  things 
which  they  give  by  progressive  growth  and  differentiation  of 
structure.    Certain  forms  are  found  at  certain  intervals  of 
time  and  they  occur  in  sequence.    It  has  not  been  possible 
to  show  in  them  nuclear  material  with  the  Romanowsky 
stain  nor,  so  far  as  I  know,  has  it  been  possible  to  stain  with 
this  the  nuclei  of  malarial  parasites  in  tissues.    In  the  inves- 
tigation of  smallpox  we  are  unfortunately  limited  to  the  tis- 
sues.   We  have  never  been  able  to  detect  with  certainty, 
either  in  the  virus  of  smallpox  or  vaccinia,  or  in  the  blood  of 
an  infected  animal  or  man,  the  forms  which  in  the  tissue  we 
recognize  as  parasites.    If  the  very  minute  bodies  which  we 
speak  of  as  gemmules  in  the  cytoplasmic  cycle  and  as  spores 
in  the  nuclear  cycle  were  present  in  such  fluids  we  do  not 
know  how  they  could  be  recognized.    The  bodies  can  only 
be  regarded  as  parasites  or  as  products  of  cell  degeneration. 
If  degenerations  they  are  totally  unlike  any  of  the  ordinary 
substances  found  in  degenerating   cells.    Moreover,  their 
presence  inaugurates  the  cell  changes  which  are  found  in  the 
lesions.    The  Cytoryctes  occur  in  cells  which,  but  for  their 
presence,  show  no  departure  from  the  normal  type.  They 
are  specific.    No  other  disease  shows  the  same  changes  in 
the  cells.    If  degenerations,  it  would  be  necessary  to  assume 
that  the  virus  of  smallpox  causes  certain  cells  to  produce 
substances  within  them  which  have  a  certain  form  and  size, 
and  which  grow  and  change  their  structure  with  growth.  In 
other  diseases,  such  as  molluscum  contagiosum  and  in  the 
epithelioma  contagiosum  of  fowls,  we  find  substances  in  the 
cells  which  are  regarded  as  degenerations  and  which  in  their 
mass  and  extent  are  specific.    But  the  character  of  the 
degeneration  is  not  specific,  and  the  same  changes  are  found 
in  single  cells  in  other  processes.    Along  with  the  inclusions 
in  cells  which  are  definite  in  size  and  form,  and  which  we 


222 


INTRODUCTION. 


recognize  as  parasites,  there  are  others  which  are  irregular 
and  indefinite.  We  are  inclined  to  regard  these  in  part  as 
imperfectly  developed  or  degenerated  parasites.  The 
immune  substance  produced  in  variola  and  vaccinia  has  been 
shown  to  act  as  a  germicide.  It  may  be  formed  in  the  lesion 
or  elsewhere,  but  it  certainly  is  present  and  may  exert  its 
influence  on  the  organisms  present.  We  believe  that  the 
inclusions  are  living  organisms  for  the  reason  given,  and  that 
they  are  the  cause  of  the  disease  because  their  relation  to  the 
lesions  is  that  of  other  casual  organisms. 

In  our  work  on  smallpox,  which  is  now  nearing  its  tem- 
porary conclusion,  certain  questions  have  presented  them- 
selves. These  questions  relate :  first,  to  the  parasite  and  its 
life  history;  second,  to  the  inter-relationship  of  vaccinia, 
variola  inoculata  and  variola  vera  ;  third,  to  the  immunity  and 
its  mode  of  production ;  fourth,  to  the  mode  of  production 
of  the  exanthem ;  fifth,  to  the  mode  of  infection  in  variola 
vera.  In  our  work  both  in  Boston  and  Manila  we  feel  that 
we  have  made  some  contributions  to  all  these  questions. 
None  of  them  are  completely  answered.  Their  answers 
involve  long  and  arduous  work  by  skilled  investigators  on 
both  vaccinia,  variola  in  man,  and  the  experimental  disease 
in  monkeys.  For  the  work  a  constant  supply  of  virus  and 
of  animals  for  experiment  is  necessary,  and  we  believe  that 
the  work  can  only  be  carried  out  in  places  where  both  these 
conditions  can  be  fulfilled.  The  most  important  contribu- 
tion which  .  could  at  present  be  made  would  be  the  dis- 
covery of  an  animal  susceptible  to  infection  by  exposure  to 
variola  vera. 

W.  T.  Councilman. 

Boston,  Mass.,  Nov.  i,  1905. 


A  CRITICAL  REVIEW  OF  THE  LITERATURE  ON  EXPERIMEN- 
TAL VARIOLA  AND  VACCINIA  IN  THE  MONKEY. 


W.  R.  Brinckerhoff  and  E.  E.  Tyzzer. 

The  literature  bearing  upon  the  reactions  of  the  monkey  to 
inoculation  with  the  virus  of  vaccinia  or  of  variola  is  to  be 
found  in  fifteen  publications  which  are  briefly  summarized 
below.  These  articles  will  first  be  considered  separately  in 
chronological  order,  and  the  findings  will  then  be  combined 
so  as  to  present  a  connected  account  of  our  present  knowl- 
edge of  the  subject. 

Zulzer,  1874,  attempted  to  produce  variola  in  "  Cercopilhecus."  This 
author  describes  briefly  the  results  of  experiments  on  five  monkeys.  Two 
animals  were  fed  with  a  mixture  of  bread  and  variolous  material.  No 
disease  followed  this  procedure.  The  hair  was  clipped  from  an  area  on 
the  back  of  one  monkey,  care  being  taken  not  to  injure  the  skin,  and 
variola  virus  was  put  in  contact  with  the  skin,  where  it  was  allowed  to 
remain  for  three  hours.  The  animal  showed  no  reaction.  One  monkey 
was  inoculated  on  the  skin  with  blood  from  a  case  of  hemorrhagic  variola. 
This  monkey  showed  a  rise  in  the  body  temperature  which  ranged  between 
40.8  and  41.4  C.  from  the  sixth  to  the  eleventh  day  of  the  experiment. 
A  profuse  general  exanthem  developed.  One  monkey  was  given  dried 
variola  virus  to  play  with  and  in  this  animal  the  same  phenomena  was 
seen  as  in  the  animal  inoculated  with  the  variolous  blood. 

Buist,  1887,  records  certain  experiments  which  are  only  of  value  in  that 
they  showed  the  susceptibility  of  the  monkey  to  variola  and  to  vaccinia. 

Copeman,  1894,  reports  a  rather  extensive  series  of  inoculations  of 
"Rhcesus"  monkeys  with  variola  virus  and  with  two  sorts   of  vaccine 
virus.    He  found  them  susceptible  to  all  three  viruses  and  also  found  that 
each  virus  protected  against  a  second  inoculation  with  the  other  viruses. 
Two  monkeys  inoculated  subcutaneously  with  vaccine  virus  were  later 
shown  to  be  immune  to  skin  inoculation  with  the  same  virus.  One 
monkey  received  an  intraperitoneal  injection  of  oxalated  plasma  from  a 
monkey  which  had  been  rendered  immune  to  vaccinia  and  to  variola  by 
inoculation.    This  animal  was  vaccinated  fourteen  days  later  and  it  was 
noted  that  the  lesions  did  not  develop  as  well  as  upon  a  control  monkey 
inoculated  at  the  same  time  with  the  same  vaccine  virus.    This  author 
finds  that  the  acme  of  the  lesion  at  the  site  of  inoculation  is  on  the  eighth 
day,  both  when  vaccine  and  when  variola  virus  is  used.    Vesiculation  is 
not  so  marked  in  the  pock  resulting  from  variolation  as  in  that  following 
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vaccination.  A  general  exanthem  was  noted  in  some  of  the  monkeys  after 
inoculation  with  variola  virus.  These  monkeys  also  showed  constitutiona 
reaction  to  the  inoculation  evidenced  by  fever,  diarrhea,  suffusion  of  the 
eyes  and  some  malaise.  The  temperature  reaction  was  more  marked  in 
them  than  in  the  monkeys  inoculated  with  vaccine  virus. 

In  1895  Sternberg  reported  the  results  of  experiments  by  Reed  in 
immunizing  monkeys  against  vaccine  with  the  serum  of  vaccinated  calves 
and  monkeys.  Cercopithecus  mona,  "  Rhoesus  "  and  Cebus  apella  were 
employed.  In  two  instances  C.  mona  was  shown  to  react  in  a  typical 
manner  to  skin  inoculation  with  vaccine  virus.  "  Rhoesus  "  also  yielded 
a  typical  reaction,  but  in  C.  apella  the  lesions  following  vaccination  pur- 
sued a  milder  course.  The  author  found  that  the  serum  of  a  vaccinated 
monkey  protected  C.  apella  against  subsequent  vaccination.  The  serum 
of  the  vaccinated  calf,  even  when  given  in  large  amounts,  only  retarded 
vaccination. 

De  Hann,  1896,  reported  upon  an  extensive  series  of  inoculations  of 
Macacus  cynomologus  with  vaccine,  retrovaccine  and  variola  virus.  Forty- 
three  monkeys  were  used  in  this  research.  This  author  found  M.  cyno- 
mologus susceptible  to  all  three  of  the  viruses  used.  Only  a  local  lesion 
followed  inoculation  with  vaccine,  while  a  general  exanthem  was  observed 
in  twenty-five  per  cent  of  the  monkeys  inoculated  with  variola  virus. 
Both  retrovaccine  and  vaccine  protected  this  species  of  monkey  against 
subsequent  inoculation  with  variola  virus.  The  acme  of  the  vaccine 
lesion  in  this  monkey  was  reached  on  the  seventh  day,  as  in  man,  while  in 
the  calf  the  lesion  was  at  its  height  on  the  fifth  day.  .Vaccine,  retrovac- 
cine, and  "  la  variole  mitigee  "  tended  to  die  out  if  transferred  too  long  on 
one  species.  A  strain  of  vaccine  virus,  which  became  attenuated,  was 
reactivated  by  transferring  it  to  another  species  and  then  inoculating  it 
back  on  the  original  species.  Vaccination  of  the  skin  of  the  monkey  pro- 
tected the  animal  against  subsequent  inoculation  of  the  skin  with  vaccine 
virus.  A  strain  of  vaccine  virus  gave  typical  lesions  for  seven  passages 
through  the  monkey.  The  series  of  animals  so  inoculated  showed  the 
same  immunity  to  subsequent  inoculation  with  vaccine  virus.  Monkeys 
successfully  inoculated  on  the  skin  with  vaccine  virus  were  immune  to  sub- 
sequent inoculation  of  the  skin  with  variola  virus.  A  strain  of  variola 
virus  was  carried  from  one  monkey  to  another  for  seven  passages,  in  each 
case  yielding  good  primary  lesions  but  no  general  exanthem.  After  six  or 
seven  such  passages  the  strain  was  inoculated  on  the  calf  and  produced  a 
vaccine-like  lesion.  The  lesion  rendered  the  calf  immune  to  subsequent 
inoculation  with  vaccine  virus. 

Reed,  1897,  found  peculiar  bodies  in  the  blood  of  vaccinated  and  vario- 
lated monkeys,  but  the  various  controls  showed  similar  bodies,  and  he  was 
not  able  to  produce  evidence  either  of  their  specificity  or  of  their  parasitic 
nature. 

Beclere,  Chambon  and  Menard,  1899,  inoculated  three  "Macacus". 
monkeys  with  variola  virus.    Primary  lesions  developed  at  the  site  ol 
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inoculation,  which  were  identical  with  those  following  inoculation  with 
vaccine  virus.  The  monkeys  showed  a'  constitutional  reaction  evidenced 
by  diarrhea,  fever,  edema,  and  albuminuria,  and  died  on  the  fourteenth 
day.  The  serum  of  such  a  monkey  was  shown  to  have  anti-virulent 
properties  when  put  in  contact  with  vaccine  virus. 

Roger  and  Weil,  1902,  produced  lesions  by  inoculating  "  Macacus " 
monkeys  with  variolous  material.  Two  animals,  which  were  inoculated 
on  the  skin  with  variola  virus,  developed  typical  lesions  at  the  site  of 
inoculation.  These  monkeys  were  subsequently  shown  to  have  acquired 
immunity  to  a  second  inoculation  of  the  skin  with  variola  virus.  One 
monkey  was  inoculated  on  the  skin  with  blood  from  a  case  of  hemorrhagic 
variola.  A  few  small  pustules  developed  at  the  site  of  inoculation.  Four 
monkeys  inoculated  subsequently  with  blood  from  a  case  of  hemorrhagic 
variola  showed  no  specific  lesions.  One  of  these  animals  died  of  septi- 
cemia. The  monkeys  inoculated  on  the  skin  with  variola  virus,  and  the 
one  inoculated  on  the  skin  with  variolous  blood,  yielded  a  positive  though 
imperfect  reaction  when  subsequently  inoculated  on  the  skin  with  vaccine 
virus.  Two  of  the  monkeys  which  had  been  inoculated  subcutaneously 
with  variolous  blood  were  immune  to  skin  inoculation  with  vaccine,  while 
in  one  an  abortive  lesion  resulted. 

Ewing,  1902,  inoculated  a  "  Rhcesus  "  and  a  "  large  African  monkey" 
with  variola  virus.  Both  animals  gave  a  positive  reaction  to  the  inocula- 
tion. He  also  inoculated  monkeys  with  bacteria  of  various  sorts  which 
had  been  isolated  from  cases  of  variola,  always  with  negative  results. 

Park,  1902,  inoculated  six  monkeys  on  the  skin  with  variola  virus.  All 
the  animals  yielded  a  typical  pock  at  the  site  of  inoculation.  Both  fresh 
and  dried  virus  was  found  active  on  the.  monkey.  He  found  monkeys 
refractory  to  inoculation  with  virus  from  cases  of  varicella,  and  points  out 
the  value  of  such  a  test  in  diagnosis  of  obscure  cases  where  a  differential 
diagnosis  must  be  made  between  variola  and  varicella.  This  author 
considers  "  Java  "  monkeys  most  suitable  for  the  test. 

Blaxall  and  Fremlin,  1903,  show  that  by  feeding  monkeys  with  vaccine 
virus  mixed  with  food,  specific  lesions  may  result  jn  the  mouth  (one  case), 
or  the  mesenteric  lymph  nodes  (one  case)  may  become  a  locus  of  the 
virus.    Their  results  were  controlled  by  inoculations  on  the  calf. 

Magrath  and  Brinckerhoff,  1904,  found  "Macacus,"  and  "Rhcesus" 
monkeys  to  be  susceptible  to  inoculation  with  variola  virus.  They  call 
attention  to  the  fact  that  the  disease  produced  is  related  to  variola  inocu- 
lata  in  man  rather  than  to  variola  vera,  and  that  the  specific  lesions  pro- 
duced in  these  monkeys  contain  Cytoryctes  variola?.  In  a  second  paper 
the  minute  study  of  the  specific  lesions  is  presented,  and  it  is  shown  that 
both  the  cytoplasmic  and  the  nuclear  forms  of  the  parasite  are  present. 

Magrath  and  Brinckerhoff,  1903,  in  studying  the  blood  of  variolated  and 
normal  monkeys  found  a  variety  of  bodies  which  they  interpreted  as 
derivatives  of  the  blood  cells  of  the  animal. 
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The  difficulty  of  getting  monkeys  in  those  places  where 
the  bulk  of  scientific  work  is  carried  on  explains  the  scanty 
data  to  be  found  in  the  literature  upon  the  reactions  of  this 
animal  in  variola  and  vaccinia.  As  the  foregoing  summary 
shows,  the  only  worker  who  had  animals  enough  to  do  ade- 
quate controls  and  to  inoculate  animals  enough  for  the  solu- 
tion of  his  problems  was  De  Haan,  who  worked  in  Java 
where  monkeys  were  plenty.  In  spite  of  the  comparatively 
small  number  of  experiments  recorded  by  other  investigators, 
it  seems  worth  while  to  combine  the  data  in  the  following 
summary : 

That  the  monkey  is  susceptible  to  vaccinia  or  to  variola 
has  been  the  experience  of  all  students  of  the  subject.  In 
some  cases  the  species  of  monkey  used  is  known,  and  we 
find  that  Macacus  cynomologus  is  susceptible  to  variola  arid 
to  vaccinia  (De  Haan),  Cercopithecus  mona  and  Cebus  apella 
are  susceptible  to  vaccinia  (Reed).    "Rhcesus"  monkeys 
were  successfully  inoculated  with  vaccine  virus  by  Copeman 
and  by  Reed,  and  with  variola  virus  by  Copeman,  by  Ewing, 
and  by  Magrath  and  Brinckerhoff.    "  Macacus  "  monkeys 
were  found  susceptible  to  variola  virus  by  Beclere,  Chambon 
and  Menard,  by  Roger  and  Weil,  and  by  Magrath  and 
Brinckerhoff.     An  "African"  monkey  (Ewing),  "Java" 
monkeys  (Park),  and  a  "  Cercopithecus"  (Zulzer)  have  also 
been  shown  to  react  to  inoculation  with  variola  virus.    It  is 
unfortunate  that  the  species  of  monkey  used  by  various 
investigators  is  not  known,  as  it  may  be  possible,  from  state- 
ments made  in  the  literature,  that  different  species  of  monkeys 
may  present  different  degrees  of  susceptibility  to  both  the 
contagium  of  variola  and  to  that  of  vaccinia. 

The  acme  of  the  process  at  the  site  of  inoculation  in 
vaccination  is  placed  by  Copeman  at  the  eighth  day  of  the 
disease.  De  Haan  finds  it  at  its  height  on  the  seventh  day. 
Copeman  notes  that  the  vesiculation  is  more  marked  in  vac- 
cination than  in  variolation.  Reed  finds  that  Cebus  apella 
presents  vaccine  lesions  that  run  a  milder  course  than  they 
do  in  the  other  monkeys  used  by  him.  Several  investigators 
compare  the  lesion  produced  in  the  monkey  by  inoculation 
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of  the  skin  with  vaccine  virus  with  that  which  develops  in  the 
calf  and  speak  of  them  as  identical. 

The  constitutional  reaction  of  the  monkey  to  vaccination  is 
mentioned  by  Copeman  and  said  to  be  less  intense  than  that 
following  variolation,  at  least  so  far  as  evidenced  by  the  body 
temperature. 

A  general  exanthem  has  never  been  observed  to  follow 
inoculation  of  the  skin  of  the  monkey  with  vaccine  virus. 

The  immunity  reactions  of  the  monkey  after  vaccination 
have  received  considerable  attention.  Copeman  reports  that 
vaccination  of  the  skin  of  the  Rhcesus  monkey  protects 
against  subsequent  inoculation  of  the  skin  with  either  vaccine 
or  variola  virus. .  De  Haan  found  the  same  protection  was 
conferred  upon  Macacus  cynomologus  by  vaccination. 

The  protective  power  of  the  serum  of  a  vaccinated  animal 
has  been  tested  by  several  workers.    Copeman  reports  that 
the  oxalated  plasma  of  a  monkey  immune  to  vaccination  and 
variolation  of  the  skin  through  inoculation  has  a  slight  modi- 
fying effect  upon  the  course  of  a  vaccination  in  a  monkey 
into  whose  peritoneal  cavity  the  plasma  has  been  introduced. 
He  also  finds  that  the  monkey  is  rendered  immune  to  vac- 
cination by  the  subcutaneous  inoculation  of  vaccine  virus. 
Reed  finds  that  the  serum  of  a  vaccinated  monkey  protects 
Cebus  apella  against  subsequent  skin  inoculation  with  vac- 
cine virus.    The  serum  of  vaccinated  calves  was  not  so 
efficacious  in  this  respect. 

Certain  miscellaneous  experiments  are  of  interest.  De 
Haan  finds  that  vaccine  virus  tends  to  die  out  if  transferred 
too  often  on  one  species  of  animal.  The  fact  that  he  worked 
in  the  tropics  may  have  influenced  his  results.  Blaxall  and 
Fremlin  show  that  vaccine  virus  in  the  food  of  a  monkey 
may  produce  lesions  in  the  mouth  or  may  enter  the  mesen- 
teric lymph  nodes  and  be  demonstrable  there  by  inoculation 
of  an  emulsion  of  the  nodes  upon  the  skin  of  the  calf. 

Inoculations  of  the  monkey  with  variola  virus  have  been 
undertaken  by  a  number  of  observers.    In  all  cases  the 
monkey  has  been  shown  to  be  susceptible  to  the  contagium. 
The  contents  of  the  specific  skin  lesion  of  variola  in  man 


228 


IiRINCKERHOFF  AND  TYZZER. 


has  been  used  for  inoculation  by  Zulzer,  Copeman,  De 
Haan,  Beclere,  Chambon  and  Menard,  Roger  and  Weil, 
Ewing,  Park,  and  by  Magrath  and  Brinckerhoff.  As  a  rule 
the  virus  was  used  in  the  fresh  state,  but  Zulzer  and  Park 
have  both  employed  dried  virus  as  well.  The  blood  from  a 
case  of  hemorrhagic  variola  was  used  by  Zulzer  and  Roger 
and  Weil. 

Inoculation  of  a  scratch  or  scarification  on  the  skin  has 
been  used  in  a  majority  of  the  experiments  as  the  mode  of 
introducing  the  contagium.  Simple  contact  with  the 
unbroken  skin  was  tried  by  Zulzer  as  well  as  exposure  to 
dried  and  finely  divided  virus.  The  subcutaneous  injection 
of  blood  from  a  case  of  hemorrhagic  variola  was  done  by 
Roger  and  Weil. 

The  data  on  the  constitutional  reaction  of  the  inoculated 
animal  is  rather  scanty.  Fever  has  been  noted  by  Zulzer, 
by  Copeman,  by  Beclere,  Chambon  and  Menard,  and  by 
Magrath  and  Brinckerhoff.  Diarrhea  was  observed  by  Cope- 
man and  by  Beclere,  Chambon  and  Menard.  Three  investi- 
gators report  animals  dying  after  inoculation  of  the  skin  with 
variola  virus.  In  the  case  of  Beclere's  animals  it  seems  evi- 
dent that  there  was  intercurrent  disease.  The  animals 
inoculated,  with  fatal  results,  by  Roger  and  Weil  and  by 
Magrath  and  Brinckerhoff,  were  shown  to  have  died  from 
either  streptococcus  septicemia  or  tuberculosis. 

In  all  experiments  where  the  skin  was  inoculated  a  pock, 
which  simulated  closly  that  produced  by  vaccination,  was 
observed  to  develop  at  the  site  of  inoculation. 

A  general  exanthem  was  observed  by  Zulzer,  Copeman, 
De  Haan,  and  by  Magrath  and  Brinckerhoff.  The  virus 
seemed  to  have  lost  this  power  of  producing  an  exanthem 
when  transferred  from  one  monkey  to  another  (De  Haan). 

The  immunity  developed  by  inoculation  with  variola  virus 
has  been  studied  by  Copeman  and  Roger  and  Weil.  The 
former  found  that  variolation  of  the  monkey  protected 
against  subsequent  inoculation  with  vaccine  or  variola  virus. 
The  latter  found  that  inoculation  of  the  skin  with  variola 
virus  did  not  confer  complete  immunity  to  later  inoculation 
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with  vaccine,  although  the  animals  were  immune  to  variola- 
tion by  skin  inoculation. 

That  the  serum  of  a  variolated  monkey  had  "anti-virulent" 
properties  when  put  in  contact  with  vaccine  was  shown  by 
Beclere,  Chambon  and  Menard. 

It  was  shown  by  De  Haan  that  a  strain  of  variola  virus 
that  had  been  passed  from  one  monkey  to  another  for  six  or 
seven  generations  was  inoculable  on  the  calf. 

A  careful  analysis  of  the  evidence  in  the  literature  seems 
to  show  that  the  disease  produced  in  monkeys  by  various 
inoculations  with  variola  virus  has  always  been  a  disease  that 
conforms  closely  to  the  type  of  variola  inoculata  as  seen  in 
the  human  subject.  This  was  emphasized  by  Magrath  and 
Brinckerhoff. 

We  find  no  reference  to  the  occurrence  of  smallpox  in 
monkeys  in  the  wild  state  among  the  species  inhabiting  the 
Old  World.  The  statement  is  sometimes  made  that  monkeys 
in  the  Western  hemisphere  suffer  from  epidemics  of  the  dis- 
ease in  localities  where  smallpox  is  epidemic  among  men. 
This  statement  seems  to  be  based  upon  the  following  data : 

Andrew  Anderson,  in  his  book  on  Fevers,  gives  an  excerpt 
from  a  letter  that  he  received  from  a  friend  who  was  travel- 
ling in  Central  America.  This  statement  has  been  frequently 
referred  to,  and  it  seems  worth  while  to  give  it  here  in  full. 

"  In  the  year  1841  I  was  in  the  province  of  Veragua,  in  New  Granada, 
to  the  north  of  the  Isthmus  of  Panama,  and  left  the  town  of  St.  Jago  on 
the  western  coast  for  David  in  Chiriqui,  a  town  in  the  interior,  about 
sixty  or  seventy  miles  to  the  northeast  (and  leeward)  of  St.  Jago.  The 
smallpox  was  raging  with  great  violence  in  St.  Jago,  but  there  was  no 
appearance  of  it  in  David.    A  few  days  after  my  arrival  there,  taking  my 
customary  morning's  ride  in  the  forest,  which  teams  with  animal  life,  I 
was  struck  by  .observing  one  or  two  sick  and  apparently  dying  monkeys 
on  the  ground  under  the  trees.    The  next  morning  I  was  struck  by  the 
same  singular  appearance  (for  it  is  very  unusual  to  find  a  wild  animal  sick 
—  they  instinctively  hide  themselves)  and,  by  thinking  that  I  perceived 
several  on  the  trees  moping  and  moving  about  in  a  sickly  manner,  I 
consequently  dismounted  and  carefully  examined  two,  which  were  on  the 
ground  —  one  dead  and  the  other  apparently  dying ;  and,  after  careful 
examination,  no  doubt  remained  in  my  mind  that  they  were  suffering  and 
had  died  from  smallpox.    They  presented  every  evidence  of  the  disease, 
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the  pustules  were  perfectly  formed,  and  in  one  instance  (that  of  the  dying 
one)  the  animal  was  nearly  quite  blind  from  the  effects.  A  few  days 
afterwards  (I  think  about  four  or  five  days)  the  first  case  of  smallpox 
appeared  amongst  the  inhabitants  of  David,  and  in  the  course  of  a  fort- 
night one-half  of  the  population  was  stricken.'' 

In  1858  Dr.  Furlong,  taking  part  in  a  discussion  upon  dis- 
eases in  animals,  stated  that  he  had  received  a  letter  from  the 
wife  of  a  prominent  physician  of  the  island  of  Trinidad,  who 
mentioned  that  during  epidemics  of  smallpox  in  that  island 
the  wild  monkeys  suffered  from  the  disease. 

Charles  Kingsley  makes  the  same  statement  with  regard  to 
an  epidemic  of  smallpox  which  visited  the  same  island  in 
1739.  We  have  not  been  able  to  find  where  this  author  got 
the  information. 

In  view  of  the  statements  cited  above  one  cannot  deny 
that  the  monkey  may  contract  smallpox  from  man.  It  is 
probable  that  different  species  of  monkeys  show  different 
degrees  o'f  susceptibility  to  the  contagium  of  smallpox.  The 
New  World  monkeys  differ  in  many  respects  from  their  rel- 
atives in  the  Old  World,  and  it  is  quite  possible  that  they  are 
more  susceptible  to  smallpox.  The  monkeys  that  are  gen- 
erally used  in  experimental  work  in  smallpox  come  from  the 
Eastern  hemisphere.  We  believe  that  notable  increase  in 
our  knowledge  of  smallpox  waits  on  the  finding  of  an  experi- 
mental animal  in  which  variola  vera  can  be  produced.  The 
susceptibility  of  the  New  World  monkeys  in  this  respect 
should  be  tested. 
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Part  I. 

STUDIES    UPON    EXPERIMENTAL  VACCINIA    IN   THE  PHILIP- 
PINE MONKEY  {Macacus  cynomologus). 

1.  Vaccinia  following  inoculation  of  the  skin  of  the  monkey. 

2.  Vaccinal  keratitis  in  the  monkey. 

3.  Vaccinia  following  inoculation  of  the  mucous  membrane  of  the  monkey. 

Walter  R.  Brinckerhoff  and  Ernest  E.  Tyzzer. 

I.     VACCINIA   FOLLOWING    INOCULATION  OF  THE   SKIN  OF 

THE  MONKEY. 

TECHNIC.  —  Different  strains  of  vaccine  virus  were  em- 
ployed. For  convenience  the  different  viruses  will  be  indicated 
by  arabic  numerals.  The  source  of  each  strain  of  virus  is 
as  follows : 

Virus  1.  Supplied  by  the  Serum  Institute  of  the  Bureau 
of  Government  Laboratories,  Manila.  A  description  of  the 
method  of  its  preparation  will  be  found  in  the  Third  Annual 
Report  of  the  Superintendent. 

Virus  148.  From  the  New  York  Board  of  Health.  The 
pulp  was  mixed  with  sixty  per  cent  glycerin. 

Virus  246.  From  the  Japanese  Imperial  Board  of  Health. 
The  pulp  was  mixed  with  sixty  per  cent  glycerin  which  con- 
tained one  per  cent  carbolic  acid. 

Virus  236.  From  the  Vaccine  Laboratory  of  Park,  Davis 
&  Co.    The  pulp  was  mixed  with  sixty  per  cent  glycerin. 

Virus  251.  From  the  Laboratory  of  Chambon  of  Paris. 
The  pulp  was  mixed  with  sixty  per  cent  glycerin  containing 
one  and  five-tenths  per  cent  carbolic  acid. 

NOTE.  —  We  are  indebted  to  Dr.  J.  J.  Kinyoun,  of  Glenolden,  Pa.,  for  the  last  four 
of  these  viruses.  He  sent  us  a  quantity  of  each  of  these  strains  and  so  arranged  mat- 
ters that,  through  the  courtesy  of  the  Steamship  Company  and  of  the  United  States 
Marine  Hospital  Service,  the  virus  was  kept  on  ice  from  the  time  it  left  his  hands  until 
it  reached  us  in  Manila.  We  take  this  opportunity  of  expressing  our  gratitude  to  him 
for  his  kindness  in  sending  us  these  strains  of  virus  and  to  those  who  assisted  in  for- 
warding them. 
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The  skin  of  the  abdomen  was  chosen  as  the  site  of  inocu- 
lation. The  hair  was  first  shaved  from  a  large  area  and  the 
skin  then  scrubbed  with  soap  and  water,  followed  by  alcohol. 
We  have  found  the  most  satisfactory  results  to  follow  the 
inoculation  of  a  shallow  incision.  As  a  rule  a  number  of  such 
scratches  were  inoculated  in  each  animal.  When  inoculation 
is  done  in  this  way,  the  study  of  the  development  of  the 
lesion  can  be  made  to  greater  advantage  than  when  scarifica- 
tion is  practised ;  for  the  lesion  produced  by  the  inoculation 
instrument  is  so  slight  that  it  heals  before  the  specific  process, 
due  to  the  introduction  of  the  virus,  has  become  visible  to 
the  naked  eye.  The  vaccine  lesion,  therefore,  develops  in  a 
skin  practically  normal,  and  the  evolution  of  the  lesion  can 
be  studied  better  than  when  the  phenomena  of  repair  of  a 
scarification  complicate  the  process.  A  general  anesthetic 
was  employed  whenever  the  operation  might  cause  discom- 
fort to  the  animal. 

Daily  observations  were  recorded  upon  the  constitutional 
reaction  of  the  animal,  the  temperature  reaction  per  rectum, 
the  reaction  of  the  lymph  nodes,  and  the  macroscopic  ap- 
pearances of  the  specific  lesion. 

The  material  for  histological  study  of  the  process  in  the 
skin  was  collected  by  excision  of  lesions.  In  many  instances 
the  animals  were  killed  at  various  times  after  the  inoculation. 
In  these  cases  a  complete  autopsy  was  performed  and  the 
material  saved  both  from  the  specific  lesions  and  from  the 
viscera.  All  tissues  were  put  in  Zenker's  Fluid  for  twenty- 
four  hours,  then  washed  in  running  water  for  twenty-four 
hours,  and  hardened  by  passage  through  graded  alcohols. 
Material  for  histological  study  was  embedded  by  the  chloro- 
form-paraffin method.    Sections  were  stained  in  various  ways. 

Experiments  in  detail. 

The  experiments  on  which  this  article  are  based  comprise 
the  inoculation  of  twenty-eight  monkeys  on  the  skin  of  the 
abdomen  with  vaccine  virus.  The  following  experiments 
are  selected  to  be  given  in  detail. 
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/.    Clinical  course  of  disease. 

No.  91.  — Adult  male,  M.  cynomologus.  Inoculated  in  twelve  places  on 
the  abdomen  with  vaccine  virus  No.  251.    Body  temperature  38.50  C. 

Twenty-four  hours  after  inoculation  two  scratches  show  slight  elevation, 
others  show  no  reaction.    Body  temperature  38. 2°  C. 

Forty-eight  hours.  There  is  slight  elevation  and  some  opacity  along 
the  line  of  inoculation.  The  axillary  lymph  nodes  are  of  normal  size. 
Body  temperature  390  C. 

Three  days.  There  is  a  distinct  elevation  with  opacity  and  redness 
about  the  narrow  crust  that  marks  the  line  of  inoculation.  The  axillary 
lymph  nodes  are  slightly  enlarged.    The  body  temperature  is  390  C. 

Four  days.  A  distinct  pink  elevation  is  present,  extending  from  two  to 
three  millimeters  on  either  side  of  the  central  crust.  One  lesion  appears 
to  be  vesicular.  Axillary  lymph  nodes  distinctly  enlarged.  Body  tem- 
perature 39. 5°  C. 

Five  days.  The  lesions  present  as  rounded  elevations  from  four  to  five 
millimeters  across.  The  central  crust  is  surrounded  by  a  narrow  translu- 
cent vesicle  which  in  turn  is  bordered  by  a  pink  areola.  Axillary  lymph 
nodes  markedly  enlarged.    Body  temperature  40. 20  C. 

Six  days.  The  lesions  show  the  same  features,  but  the  extent  is  greater 
and  the  whole  lesion  more  sharply  circumscribed.  Axillary  lymph  nodes 
enlarged.    Body  temperature  39. 50  C. 

Seven  days.  The  lesions  present  a  central  yellowish  crust  which  is  bor- 
dered by  a  vesicle,  translucent  peripherally,  but  opaque  about  the  crust. 
The  lesions  are  surrounded  by  a  distinct  red  areola.  Axillary  lymph 
nodes  enlarged  and  hard.    Body  temperature  39. 50  C. 

Eight  days.  The  lesions  show  a  slight  increase  in  the  extent  of  the 
central  crust.  The  vesicular  zone  has  become  entirely  opaque  in  places. 
The  axillary  lymph  nodes  are  much  enlarged,  on  the  right  side  they  form 
a  mass  about  two  centimeters  in  diameter.    Body  temperature  400  C. 

Nine  days.  The  lesions  present  as  flat-topped  elevation  consisting  of  a 
peripheral  vesicular  ring  which  has  become  completely  opaque,  surround- 
ing a  macerated  area  where  the  crust  has  been  picked  off.  The  whole 
lesion  is  surrounded  by  a  pink  flush.  Axillary  lymph  nodes  enlarged  but 
not  so  hard  as  before.    Body  temperature  39. 40  C. 

Ten  days.  The  lesions  show  an  elevated  pink,  somewhat  ragged  epi- 
thelial edge  which  surrounds  an  area  which  is  in  part  crusted  and  in  part 
ulcer-like.    Axillary  lymph  nodes  somewhat  enlarged.    Body  temperature 

39°  c- 

From  this  time  on  the  lesions  simply  showed  the  phenomena  of  repair 
and  healed  after  a  few  days. 

Twenty-three  days  after  the  first  vaccination  the  animal  was  again 
inoculated  on  the  skin  of  the  abdomen  with  vaccine  virus  No.  148.  No 
reaction  followed  this  inoculation. 
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No  g6  -  Adult  male,  Macacus  cynomologus.  Inoculated  in  twelve 
places  on  the  skin  of  the  abdomen  with  vaccine  virus  No.  236.  Body 

teTwen!y-four'  hours  after  inoculation  the  scratches  show  considerable 
elevation  with  some  reddening  of  the  surrounding  skin  but  with  no 
opacity.    Body  temperature  39.20  C. 

Forty-ei-ht  hours.  There  is  slight  elevation  and  some  opacity  along 
the  line  of  inoculation.    Axillary  lymph  nodes  slightly  enlarged.  Body 

temperature  38. 50  C. 

Three  days.  There  is  an  irregular  elevation  with  opacity  beside  the 
narrow  crust  which  marks  the  line  of  inoculation.  Axillary  lymph  nodes 
are  distinctly  enlarged.    Body  temperature  390  C. 

Four  days.  The  elevation  which  borders  the  crust  has  increased  some- 
what, extending  from  two  to  three  millimeters  on  each  side.  Axillary 
lymph  nodes  much  enlarged.    Body  temperature  39°  C.  - 

Five  days.  Around  the  crust  is  a  narrow  vesicular  ring  which  is  bor- 
dered peripherally  by  elevated  and  reddened  epithelium.  The  lesion  is 
now  from  six  to  eight  millimeters  wide.  Axillary  lymph  nodes  large  and 
hard.    Body  temperature  39.80  C. 

Six  days  The  lesion  presents  as  a  sharply  circumscribed  elevation 
consisting  of  a  depressed  central  yellow  crust  bordered  by  an  elevated 
rin*  from  two  to  three  millimeters  broad  which  is  opaque  and  vesicular 
nea°r  the  crust  and  which  is  pink  externally.  Axillary  lymph  nodes 
enlarged,  some  measuring  one  centimeter  in  diameter.     Body  temperature 

30. 2°  C. 

Seven  days.  The  lesion  is  the  same  as  yesterday  save  that  the  crust 
has  extended  and  encroached  upon  the  vesicular  ring.  Axillary  lymph 
nodes  enlarged  and  hard.    Body  temperature  38.8"  C. 

Eio-ht  days.  The  animal  has  picked  off  the  crusts  and  the  lesion  pre- 
sents a  central  excoriated  area  surrounded  by  the  more  or  less  ruptured 
vesicular  ring.  There  is  a  distinct  reddening  of  the  skin  about  the  lesion. 
Axillary  lymph  nodes  enlarged  and  hard.    Body  temperature  39°  C. 

Nine  days.  The  crust  has  formed  again  in  the  center  of  the  lesion  and 
about  this  is  to  be  made  out  the  remnants  of  the  vesicular  ring.  The 
areola  persists.  Axillary  lymph  nodes  enlarged  and  hard.  Body  temper- 
ature 390  C. 

Ten  days.  From  this  time  on  the  lesions  have  lost  their  specific 
character  and  simply  present  the  phenomena  of  healing.  The  axillary 
lymph  nodes  show  a  diminishing  tumor  and  consistency,  but  are  harder 
than  normal  for  a  considerable  time  after  the  healing  of  the  skin  lesion.  ^ 

Twenty-three  days  after  the  original  vaccination  the  animal  was  again 
inoculated  on  the  skin  of  the  abdomen  with  vaccine  virus  No.  148.  No 
reaction  followed  this  second  inoculation. 

No.  98.  — Adult  male,  Macacus  cynomologus.  Inoculated  in  twelve 
places  on  the  skin  of  the  abdomen  with  vaccine  virus  No.  1,  lot  No.  365. 
Body  temperature  39. 4"  C. 
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Twenty-four  hours  after  inoculation  the  scratches  show  slight  elevation 
and  opacity.    Axillary  lymph  nodes  normal.    Body  temperature  390  C. 

Forty-eight  hours.  About  the  inoculation  the  skin  is  slightly  elevated 
and  opaque.    Axillary  lymph  nodes  normal.    Body  temperature  39°  C. 

Three  days.  There  is  some  reddening  and  marked  elevation  and 
opacity  of  the  skin  which  borders  the  narrow  crust  which  marks  the  line 
of  inoculation.  Axillary  lymph  nodes  distinctly  enlarged.  Body  tem- 
perature 390  C. 

Four  days.  The  central  crust  has  increased  in  extent  and  is  surrounded 
by  a  pink  elevation  from  two  to  three  millimeters  broad.  Axillary  lymph 
nodes  enlarged.    Body  temperature  38. 40  C. 

Five  days.  The  skin  immediately  about  the  central  crust  is  slightly 
translucent,  suggesting  beginning  vesicle  formation.  Axillary  lymph 
nodes  enlarged  and  hard.    Body  temperature  39. 50  C. 

Six  days.  The  lesion  presents  a  depressed  yellow-brown  crust  which  is 
surrounded  by  an  elevated  ring  which  is  sharply  circumscribed  and  is 
translucent  near  the  crust.  Axillary  lymph  nodes  enlarged  and  hard. 
Body  temperature  390. 

Seven  days.  The  vesicular  ring  about  the  central  crust  is  now  more  or 
less  opaque.  There  is  a  distinct  areola.  Axillary  lymph  nodes  enlarged 
and  hard.    Body  temperature  39. 8°  C. 

Eight  days.  Lesions  present  same  features  as  yesterday  save  that  there 
is  some  induration  of  the  subcutaneous  tissue  beneath  the  lesions.  Axil- 
lary lymph  nodes  very  much  enlarged.    Body  temperature  40. 20  C. 

Nine  days.  The  central  crust  has  begun  to  encroach  upon  the  vesicular 
ring  and  the  areola  is  less  marked.  Some  degree  of  subcutaneous  edema 
persists.  Axillary  lymph  nodes  enlarged  and  hard.  Body  temperature 
400  C. 

Ten  days.  The  lesions  are  still  active,  but  only  remnants  of  the  vesicle 
can  be  made  out  about  the  spreading  crust.  From  this  time  on  the  lesions 
lose  their  specific  characters.  The  enlargement  and  induration  of  the 
axillary  lymph  nodes  suffer  a  continuous  diminution,  although  the  con- 
sistency is  greater  than  normally  for  some  days  after  the  healing  of  the 
specific  lesion  is  complete. 

Twenty-three  days  after  the  first  inoculation  the  animal  was  inoculated 
again  on  the  skin  of  the  abdomen  with  vaccine  virus  No.  148,  but  no  reac- 
tion followed. 

f 

No.  101.  —  Adult  male,  Macacus  cynomologus.  Inoculated  in  twelve 
places  on  the  skin  of  the  abdomen  with  vaccine  virus  No.  246.  Body 
temperature  39. 20  C. 

Twenty-four  hours  after  inoculation  the  scratches  show  a  slight  opacity 
but  no  elevation.  Axillary  lymph  nodes  normal.  Body  temperature 
39.8°  C. 

Forty-eight  hours.  There  is  now  some  elevation  as  well  as  opacity 
along  the  line  of  inoculation.  Axillary  lymph  nodes  normal.  Body 
temperature  37. 8°  C. 
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Three  days.  The  elevation  and  opacity  is  more  marked  and  now 
extends  for  a  distance  of  two  or  more  millimeters  on  each  side  of  the 
scratch.  Axillary  lymph  nodes  slightly  enlarged.  Body  temperature  39°  C. 

Four  days.  The  lesions  present  as  irregular  pink  elevations  which  are 
surmounted  by  a  narrow  linear  crust  which  occupies  the  site  of  the  inocu- 
lation scratch.  Axillary  lymph  nodes  slightly  enlarged.  Body  tempera- 
ture 390  C. 

Five  days.  Lesions  show  a  depressed  central  crust  bordered  by  an 
elevated  zone  which  is  translucent  near  the  crust.  The  whole  lesion 
measures  eight  millimeters  across.  Axillary  lymph  nodes  enlarged.  Body 
temperature  390  C. 

Six  days.  The  central  crust  has  enlarged  and  the  surrounding  elevated 
ring  is  opaque  and  vesicular  for  two  millimeters  about  the  crust.  The 
areola  is  bright,  and  the  whole  lesion  sharply  circumscribed.  Axillary 
lymph  nodes  enlarged.    Body  temperature  390  C. 

Seven  days.  The  lesion  is  the  same  as  yesterday  save  for  an  increase 
in  the  area  of  the  crust  and  a  filling  out  of  the  vesicular  ring.  Axillary 
lymph  nodes  slightly  enlarged.    Body  temperature  400  C. 

Eight  days.  Lesion  shows  the  same  features,  but  the  whole  lesion 
has  ceased  to  spread.  The  depression  of  the  central  crust  is  marked. 
Axillary  lymph  nodes  enlarged  and  hard.    Body  temperature  38. 8°  C. 

Nine  days.  The  crust  has  been  picked  off  and  the  lesion  presents  an 
excoriated  area  about  which  the  remnants  of  the  vesicle  can  be  made  out. 
Axillary  lymph  nodes  less  enlarged  but  hard. 

Ten  days.  The  lesions  are  now  healing  and  have  lost  their  specific 
characters.  Axillary  lymph  nodes  but  slightly  enlarged.  Body  temper- 
ature 39. 6°  C. 

The  further  course  of  the  lesions  showed  only  the  healing  process. 
The  axillary  lymph  nodes  were  of  normal  size  and  of  only  slightly 
increased  consistency.  In  this  case  the  lymph  nodes  did  not  show  as 
much  reaction  as  is  usual  after  skin  inoculation  with  vaccine. 

Twenty-three  days  after  the  original  inoculation  the  monkey  was  vac- 
cinated a  second  time  on  the  skin  of  the  abdomen  with  vaccine  virus  No. 
148.    No  reaction  followed  the  second  inoculation. 

No.  105.  — Adult  male,  Macacus  cynomologus.  Inoculated  in  twelve 
places  on  the  skin  of  the  abdomen  with  vaccine  virus  No.  148.  Body 
temperature  400  C. 

Twenty-four  hours  after  inoculation  the  scratches  show  no  reaction.  A 
narrow  crust  marks  the  line  of  each  inoculation.  Axillary  lymph  nodes 
normal.    Body  temperature  39.5°  C. 

Forty-eight  hours.  There  is  a  slight  elevation  which  is  opaque,  and  a 
faint  pink  in  color  about  the  crust.  Axillary  lymph  nodes  normal.  Body 
temperature  38. 8°  C. 

Three  days.  About  the  scratch  the  epithelium  is  elevated,  opaque, 
and  pink  for  a  distance  of  two  or  more  millimeters.    On  pressure  a  small 
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amount  of  clear  serum  oozes  from  under  the  crust.  Axillary  lymph  nodes 
slightly  enlarged.    Body  temperature  380  C. 

Four  days.  The  lesion  presents  as  a  sharply  circumscribed  pink  eleva- 
tion three  millimeters  in  width  which  surrounds  a  slightly  depressed  crust. 
Axillary  lymph  nodes  enlarged.    Body  temperature  39. 8°  C. 

Five  days.  The  central  crust  has  enlarged,  and  there  is  a  translucent 
vesicular  ring.  Axillary  lymph  nodes  enlarged  and  hard.  Body  tem- 
perature 39. 8°  C. 

Six  days.  The  depressed  yellow  central  crust  is  now  bordered  by  an 
elevated  ring  in  which  can  be  distinguished  an  opaque,  yellowish  zone, 
which  merges  with  a  translucent  band  of  a  gray  color.  The  areola  is 
distinct  and  bright  red.  Axillary  lymph  nodes  enlarged.  Body  tem- 
perature 39. 6°  C. 

Seven  days.  The  lesion  has  attained  a  total  width  of  one  centimeter. 
Some  subcutaneous  edema  is  apparent.  Axillary  lymph  nodes  enlarged 
and  hard.    Body  temperature  39. 8°  C. 

Eight  days.    Lesions  show  same  features  as  yesterday.    Axillary  lymph 
nodes  slightly  enlarged.    Body  temperature  40. i°  C. 

Nine  days.  The  crusts  have  been  picked  from  the  lesions  and  have 
left  an  excoriated  area  surrounded  by  a  ragged  opaque  epithelial  edge, 
about  which  the  skin  is  reddened.  Axillary  lymph  nodes  enlarged.  Body 
temperature  390  C. 

Ten  days.  From  this  time  on  the  lesions  show  simple  repair.  The 
axillary  lymph  nodes  were  more  or  less  enlarged  and  hard  for  some  time. 

The  monkey  was  inoculated  on  the  skin  of  the  abdomen  with  vaccine 
virus  No.  148  on  the  twenty-third  day  after  the  first  inoculation.  This 
second  vaccination  was  followed  by  no  reaction. 

SUMMARY. 

I.  Objective  description  of  the  specific  skin  lesion  based 
upon  the  appearances  in  twenty-eight  monkeys.  —  After 
forty-eight  hours  the  lesion  presents  as  a  simple  scratch  with 
more  or  less  opacity  and  elevation,  not  extending  over  two 
millimeters  from  the  line  of  inoculation. 

After  seventy-two  hours  the  elevation  may  become  less  in 
extent  and  take  on  a  pink  color,  or  it  may  remain  as  before. 

After  ninety-six  hours  the  elevation  becomes  more  marked 
and  more  sharply  circumscribed,  and  may  begin  to  show 
translucence  about  the  crust  which  forms  along  the  line  of 
inoculation. 

After  five  days  the  zone  of  translucence  about  the  crust  is 
more  evident  and  contains  fluid,  forming  a  vesicular  ring 
about  the  crust.    The  contents  of  this  vesicle  is  a  clear  fluid. 
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The  vesicular  ring  is  bordered  externally  by  a  zone  of  red, 
which  fades  peripherally.  The  whole  lesion  —  crust,  vesicle, 
and  areola  —  forms  a  rounded  elevation,  which  flows  into  the 
general  skin  surface  without  sharp  line  of  demarcation. 

After  six  days  the  various  parts  of  the  lesion  remain  the 
same  as  on  the  fifth  day,  but  there  is  an  increase  in  the  total 
width.  The  vesicle  ring  spreads  peripherally,  and  coinci- 
dent with  this  the  crust  encroaches  upon  the  inner  side  of  the 
vesicle  ring.  The  inner  part  of  the  vesicle  ring  may  pre- 
sent an  opaque  appearance  at  this  stage.  The  crust  may  be 
more  or  less  depressed  in  such  wise  that  the  vesicular  ring 
forms  a  rampart  about  it. 

After  seven  days  the  conditions  remain  the  same,  there 
being  more  or  less  spreading  of  the  whole  lesion,  accom- 
panied by  an  increase  in  the  extent  of  the  central  crust.  At 
this  stage  the  outer  edge  of  the  vesicular  ring  may  present 
an  abrupt  declivity,  so  that  the  whole  lesion  forms  a  flat- 
topped  plateau.  The  skin  proper  is  thickened  and  hard, 
and  a  subcutaneous  edema  is  apparent  at  this  time  beneath 
the  lesion. 

After  eight  days  the  lateral  extension  of  the  lesion  has 
ceased  and  the  central  crust  has  encroached  upon  the  vesi- 
cular ring.  The  subcutaneous  edema  noted  after  seven  days 
is  now  more  noticeable,  often  presenting  itself  as  a  broad 
indurated  base. 

From  this  time  on  the  healing  of  the  lesion  proceeds  rap- 
idly. The  central  crust  comes  to  occupy  all  the  space  pre- 
viously held  by  the  vesicular  ring,  being  bordered  by  the 
pink  epithelium  which  is  growing  inward  from  the  normal 
skin.  This  newly  formed  epithelium  slowly  spreads  beneath 
the  crust  and  finally  the  latter  falls  off,  leaving  a  pink  and 
shining  scar. 

The  lateral  excursions  of  the  process,  outwards  from  the 
line  of  inoculation,  amount  to  six  to  eight  millimeters,  measur- 
ing from  the  center  of  the  crust  to  the  outer  edge  of  the 
vesicular  ring.  After  five  days,  when  the  lesion  is  first 
macroscopically  analyzable  into  zones  which  correspond  with 
the  microscopic  findings,  the  growth  of  the  lesion  is  seen  to 
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be  due  to  a  lateral  extension  of  four  elements.  These  may 
be  described,  from  without  inward,  as: 


Up  to  the  end  of  the  eighth  day  of  development  of  the 
lesion  these  move  out  from  the  line  of  inoculation  in  the 
order  named,  each  encroaching  a  bit  upon  its  outer  neighbor, 
towards  the  end  of  this  period,  a  little  more  than  the  latter 
spreads.  On  the  eighth  day  of  the  development  of  the 
lesion,  this  spreading  of  the  lesion  stops,  and  the  zone  of 
hyperemia  slowly  fades,  the  opaque  zone  spreads  over  the 
remnant  of  the  translucent  zone,  and  it  in  turn  is  taken  up 
by  the  spreading  of  the  crust. 

The  profile  of  the  lesion  presents  three  rather  distinct 
phases,  as  follows:  After  five  days  it  is  more  or  less  hemi- 
spherical, or  at  least  an  arc  of  a  circle.  After  about  seven 
days  it  is  fiat-topped,  presents  a  steep  declivity  on  either 
side,  with  perhaps  a  rampart  effect  from  the  depression  of 
the  crust;  and  after  eight  days  the  whole  lesion  may  be 
raised  upon  a  broad  swelling,  which  elevates  with  it  some  of 
the  normal  epithelium  about  it. 

2.  Histology  of  vaccine  lesion  of  skin. — The  histogen- 
esis of  the  vaccine  lesion  in  the  skin  of  the  monkey  is  similar 
to  that  of  the  vaccine  lesion  in  the  skin  of  other  mammals. 
We  find  the  same  changes  in  the  epithelial  cells  leading  to 
vesicle  formation  followed  by  reparative  processes  which  re- 
sult in  the  complete  healing  of  the  lesion.  The  histology  of 
the  vaccine  lesion  has  been  described  so  often  that  it  seems 
unnecessary  to  repeat  it  here.  We  find  the  development  of 
the  lesion  to  be  the  same  after  inoculation  with  different 
strains  of  virus. 

In  the  study  of  our  large  series  of  vaccinations  of  the 
monkey  we  have  been  struck  by  the  extent  of  the  process  in 
the  corium  and  in  the  subcutaneous  tissue  beneath  the  lesion. 


(!•) 

(2.) 


A  zone  of  hyperemia. 
A  vesicular  ring,  composed  of: 
(«.)    A  zone  of  translucence. 
(b.)    A  zone  of  opacity. 
A  crust. 
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We  can  recognize  a  general  inflammatory  and  reparative 
process  and,  besides,  a  series  of  phenomena  which  we  regard 
as  due  to  the  activities  of  the  specific  organism.  The  former 
group  of  phenomena  is  shown  by  cellular  and  fluid  exuda- 
tive processes,  and  by  proliferation  of  connective  tissue  cells 
with  the  new  formation  of  blood  vessels.  It  is  such  as 
would  accompany  any  infected  wound  of  the  skin.  Besides 
these  we  find  early  in  the  process  a  marked  swelling  and 
proliferation  of  the  endothelial  cells  of  the  capillaries  adja- 
cent to  the  specific  process  in  the  epidermis.  The  endothe- 
lial cells  of  the  capillaries  and  lymphatics  in  these  situations 
are  frequently  invaded  by  the  cytoplasmic  forms  of  Cyto- 
ryctes  varioke.  This  reaction  in  the  corium  is  in  evidence 
from  the  third  day  of  the  disease  onward.  We  interpret  this 
condition  as  due  both  to  the  action  of  the  toxins  set  free 
from  the  specific  lesion  in  the  epidermis  and  to  an  invasion 
of  the  blood  vessels  by  the  organism. 

The  process  in  the  corium  and  in  the  subcutaneous  tissue 
beneath  the  lesion  does  not  present  such  definite  areas  of 
necrosis  as  will  be  described  in  the  variolous  lesions.  This 
may  be  due  to  the  fact  that  the  vaccine  lymph  was  glycer- 
inated,  and  so  was  free  from  pyogenic  bacteria,  while  the 
variola  virus  was  untreated  and  contained  streptococci  and 
other  pathogenic  bacteria.  It  is  to  be  noted  that  beneath 
vaccine  lesions,  capillaries  invaded  by  Cytoryctes  were  only 
found  near  to  the  infected  epidermis  while,  as  will  be  shown, 
in  variolation  the  specific  process  extends  deeply  into  the 
subcutaneous  tissue. 

3.  Constitutional  reaction.  —  The  general  condition  of 
the  animal  does  not  seem  much  disturbed.  There  may  be 
some  anorexia  about  the  sixth  day,  but  it  cannot  be  said  to 
be  constant  or  marked. 

4.  The  temperature  reaction  is  not  very  definite,  though 
there  is  evidence  of  a  constitutional  reaction  to  be  had  from 
it.  —  The  most  common  reaction  is  a  slight  rise  from  the 
sixth  to  the  ninth  day  of  the  disease.  This  fever  rarely  ex- 
ceeds 40"  C.  1  he  temperature  reaction  is  not  nearly  so 
typical  as  in  variola  inoculata. 
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5.  The  lymph  nodes.  — With  the  development  of  a  vac- 
cine lesion  on  the  belly  of  a  monkey  there  is  a  reaction  of 
the  axillary  lymph  nodes.  This  is  shown  by  an  enlargement 
first  noticeable  on  the  fourth  day  (after  three  days'  develop- 
ment of  the  lesion)  which  becomes  more  apparent  on  the 
succeeding  days.  On  the  sixth  or  seventh  day  the  nodes 
may  be  one  centimeter  in  diameter,  and  tender.  With  the 
regression  of  the  lesion  the  nodes  decrease  in  size  but 
remain  more  firm  than  normal. 

The  histology  of  the  axillary  lymph  nodes  of  monkeys 
vaccinated  on  the  abdomen  presents  the  same  picture  as  that 
seen  in  the  variolated  monkeys.  Edema  of  the  sinuses  and 
the  presence  of  phagocytic  endothelial  cells,  red  blood  cor- 
puscles and  leucocytes,  together  with  a  small  amount  of  fibrin, 
characterize  the  process  in  the  nodes  taken  from  animals 
during  the  active  evolution  of  the  vaccine  lesion. 

6.  A  general  exanthem  has  never  occurred  in  our  vaccine 
monkeys  (total  twenty-eight).  —  In  some  cases  secondary 
lesions  occur  about  the  primary  lesion  (daughter  pocks). 
These  run  the  same  course  as  the  primary  lesions.  Auto- 
inoculations  are  not  uncommon,  but  in  all  instances  their 
occurrence  was  so  obviously  due  to  infection  from  the 
initial  lesion  by  acts  of  the  animal  that  the  question  of  their 
being  of  the  nature  of  an  exanthem  could  not  be  raised. 

7.  No  lesions  were  found  in  the  internal  organs. — The 
bone  marrow  and  testes  were  found  free  from  the  focal 
lesions  which  occur  in  these  organs  in  variola  vera  in  man. 
Cytoryctes  variolse  was  constantly  found  associated  with  the 
specific  process  in  the  skin  at  the  site  of  inoculation.  The 
question  of  the  occurrence  of  the  organism  will  be  considered 
in  more  detail  in  a  separate  section  of  this  report. 

In  considering  the  results  of  the  preceding  experiments, 
certain  points  of  considerable  theoretical  interest  present 
themselves  for  discussion.  Perhaps  the  most  prominent 
feature  of  the  disease  vaccinia  is  the  specific  immunity  which 
it  produces.  As  it  is  hardly  possible  to  consider  this  immu- 
nity without  at  the  same  time  dealing  with  variola,  we  have 
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decided  to  discuss  this  phase  of  the  disease  in  a  separate 
section.  There  remains  for  consideration  here  the  clinical 
feature  of  the  disease  vaccinia  as  it  occurs  in  Macacus 
cynomologus.  In  our  experiments  we  have  found  that 
this  species  of  monkey  reacts  to  an  inoculation  on  the  skin 
with  vaccine  virus,  by  a  definite  sequence  of  phenomena 
which  are  reproduced  in  each  experiment  with  only  very 
slight  modifications.  It  is  true  that  certain  animals  do  not 
react  in  exactly  the  same  degree  as  do  others,  but  these 
"  abortive  "  reactions  seem  to  us  to  depend  upon  conditions 
of  natural  immunity  and  to  differences  in  the  virus  used  for 
inoculation,  and  so  do  not  affect  the  truth  of  the  general 
statement  that  this  species  is  markedly  susceptible  to  the 
disease. 
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Comparing  vaccinia  in  M.  cynomologus  with  vaccinia  in 
man  and  in  the  calf,  we  see  that  we  have  a  strict  parallel.  We 
find  a  lesion  developing  at  the  site  of  inoculation  which  runs 
a  definite  course,  and  heals  after  a  fairly  constant  interval. 
This  local  lesion  is  associated  with  enlargement  of  the  lymph 
nodes.    Only  those  nodes  are  affected  which  are  interposed 
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between  the  areas  of  the  skin  on  which  the  lesion  develops 
and  the  main  lymph  trunks.  During  the  active  evolution  of 
the  local  lesion  there  is  a  general  reaction  of  the  inoculated 
animal,  as  shown  by  a  rise  in  the  body  temperature.  The 
primary  lesion  is  shown  to  exist  at  the  site  of  inoculation  as 
a  distinct  process  from  a  very  early  period  after  the  inocula- 
tion, so  that  the  latent  period,  before  the  lesion  can  be  diag- 
nosed by  the  naked  eye  appearances,  is  shown  to  be  rather 
apparent  than  real. 

Two  things  serve  to  differentiate  the  vaccine  process  from 
that  following  inoculation  of  variola  virus  on  this  species  of 
monkey.  First,  in  vaccinia  we  have  never  observed  an 
exanthem.  Second,  the  temperature  reaction  is  not  so 
definite  in  its  onset  as  in  variola  inoculata. 

The  histological  peculiarities  of  the  specific  lesion  of  vac- 
cinia in  these  monkeys  are  similar  in  every  way  to  those 
found  in  lesions  following  vaccination  of  other  susceptible 
animals. 

We  have  seen,  then,  that  the  disease  vaccinia  in  M.  cyno- 
mologus  conforms  strictly  to  the  type  of  the  disease  vac- 
cinia and,  in  a  more  general  way,  can  be  included  in  that 
group  of  processes  which  embraces  all  forms  of  variola  and 
vaccinia. 

The  data  furnished  by  our  experiments  upon  the  immu- 
nity reactions  and  upon  the  differences  due  to  different  strains 
of  virus  will  be  presented  in  another  article. 

CONCLUSIONS. 

1.  Inoculation  of  the  skin  of  M.  cynomologus  with  vac- 
cine virus  is  followed  by  the  development  of  a  lesion  at  the 
site  of  inoculation  which  is  similar  in  all  respects  to  that 
which  follows  similar  inoculations  of  other  animals. 

2.  The  development  of  the  lesion  is  associated  with  a 
rise  in  the  body  temperature  which  is  most  marked  during 
its  active  evolution. 

3.  The  lymph  nodes,  which  are  interposed  between  the 
area  of  skin  on  which  the  lesion  develops  and  the  main 


VARIOLA  AND  VACCINIA  IN  QUADRUMANA.  24$ 

lymph  trunks,  show  enlargement  coincidently  with  the  tem- 
perature reaction.  The  nodes  show  histological  changes 
which  account  for  this  enlargement. 

4.  Cytoryctes  variolar  is  found  in  the  epithelial  cells  of 
the  vaccine  lesion,  and  also  in  the  endothelial  cells  of 
capillaries  beneath  the  epithelium  of  the  lesion. 

5.  Macacus  cynomologus  is  susceptible  to  vaccinia. 
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2.     VACCINAL  KERATITIS  IN  THE  MONKEY. 

Nine  monkeys  were  inoculated  and  the  animals  were  killed 
after  various  periods  to  obtain  material  for  histological  study 
of  the  lesion  at  different  stages  of  its  development. 

TECHNIC.  —  The  animal  was  deeply  anesthetized  and  the 
cornea  lightly  incised  with  a  sharp  scalpel.  Care  was  taken 
not  to  cut  deeply  into  the  corneal  substance.  A  small 
amount  of  vaccine  was  rubbed  into  the  incision.  A  daily 
record  of  the  appearances  at  the  site  of  inoculation  and  of 
the  general  condition  of  the  animal  was  kept.  When  the 
animals  were  killed  a  complete  autopsy  was  done  and  tissue 
for  histological  study  was  saved  from  the  site  of  the  specific 
lesion  and  from  the  viscera.  The  animals  were  under  the 
influence  of  morphine  during  the  development  of  the  lesion. 

Details  of  experi?nents. 
No.  13.  — Monkey  inoculated  on   both  corneas  with  vaccine  virus 
No.  1.    After  seventeen  hours  the  cornea  shows  no  macroscopic  evidence 
of  a  specific  process.    Animal  chloroformed  and  tissues  preserved  for 

histological  study. 

Histological  examination.  —  Sections  of  the  cornea  show  very  slight 
injury  to  the  corneal  substance,  and  the  defect  completely  covered  over  by 
epithelium.    No  evidence  of  any  process  other  than  repair. 

No.  10.  —  Monkey  inoculated  on  both  corneas  with  vaccine  virus  No.  1. 
Twenty-four  hours  after  the  inoculation  there  is  a  barely  perceptible 
roughness  along  the  line  of  incision.  Animal  chloroformed.  When  the 
eyes  were  dropped  into  Zenker's  fluid,  minute  opaque  spots  appear  at  once 
along  the  line  of  inoculation. 

Histological  examination. —The  epithelium  has  grown  over  and  com- 
pletely filled  the  defects  in  the  corneal  substance  representing  the  inocula- 
tion incisions.  Numbers  of  leucocytes  are  present  in  the  tissue  about 
the  incisions.  The  epithelium  contains  many  cytoplasmic  phases  of  Cyto- 
ryctes  variolar  which  are  rather  small  and  occupy  cells  which  are  apparently 
normal. 

No.  11.  —  Monkey  inoculated  on  both  corneas  with  vaccine  virus  No.  1. 
Twenty-four  hours  after  inoculation  there  is  slight  roughness  along  the  line 
of  incision. 

After  forty-eight  hours  there  is  some  elevation  as  well  as  roughness,  and 
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a  central  loss  of  substance  is  also  apparent.  Animal  chloroformed  and 
tissues  preserved  for  histological  study. 

Histological  examination.  —  Sections  stained  with  methylene  blue  and 
eosin.  Section  presents  two  clean  cut  and  moderately  deep  incisions, 
one  of  which  is  filled  with  epithelium.  The  second  incision  is  not  filled 
in  and  the  surface  about  it  is  denuded  of  epithelium  for  a  short  distance. 
Comparatively  few  polymorphonuclear  leucocytes  are  present  about  the 
lesions.  The  corneal  tissue  beneath  the  incisions  is  edematous.  On  one 
side  of  the  incision  the  corneal  epithelium  is  two  and  a  half  times  thicker 
than  normally.  Elsewhere  the  epithelium  is  thinner  than  normal,  both 
near  the  incisions  and  for  a  considerable  distance  from  them.  In  places, 
the  epithelium  is  lifted  up  by  an  exudate.  Cytoryctes  are  present  in  the 
cells  of  the  lesion. 

No.  7.  —  Monkey  inoculated  on  the  right  cornea  with  vaccine  virus  No. 
1 .  The  left  cornea  inoculated  with  fresh  virus  obtained  from  a  vaccine 
lesion  of  the  skin  of  Monkey  No.  1,  duration  four  days. 

Twenty-four  hours  after  inoculation  the  right  cornea  shows  no  macro- 
scopic lesion,  while  the  left  cornea  is  slightly  opaque  and  rough  along  the 
incision. 

Seventy  hours.  The  right  cornea  shows  slight  elevation  at  the  site  of 
inoculation.  The  left  cornea  is  slightly  rough  along  the  line  of  incision. 
Animal  chloroformed.  When  the  eyes  were  placed  in  Zenker's  fluid,  a  loss 
of  substance  was  apparent  along  the  lines  of  inoculation. 

Histological  examination.  —  The  corneal  surface  is  denuded  of  epi- 
thelium over  an  area  five-tenths  millimeters  across  about  the  site  of  the 
inoculation  incision.  There  is  at  no  point  any  proliferation  or  thickening 
of  the  epithelial  layer.  It  is  thin  and  tapering  at  the  border  of  the  denuded 
area  and  here  Cytoryctes  are  present  in  both  the  degenerated  and  the  well 
preserved  epithelial  cells.  Very  few  leucocytes  are  found,  and  when  present 
are  usually  situated  upon  the  denuded  surface  of  the  cornea. 


No.  12.  — Monkey  inoculated  on  both  corneas  with  vaccine  virus  No.  1. 

Forty-eight  hours  after  inoculation  there  was  no  appreciable  elevation  or 
roughening,  but  there  was  distortion  of  an  image  reflected  on  the  cornea. 

Three  days.  The  left  cornea  is  distinctly  rough  at  the  site  of  the 
inoculation.  The  right  cornea  is  very  slightly  roughened.  There  is  no 
opacity  of  the  cornea.  A  small  amount  of  muco-purulent  material  is  present 
in  both  conjunctival  sacs. 

Four  days.  Condition  of  corneas  the  same.  Animal  killed  and  tissues 
preserved  for  histological  study. 

Histological  examination.  —  Both  corneas  present  areas  from  one  to  one 
and  five-tenths  millimeters  across  from  which  the  epithelium  is  lost.  In 
the  center  of  this  area  the  corneal  connective  tissue  presents  a  minute 
defect  representing  the  trauma  of  inoculation.    The  epithelium  tapers  to  a 
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thin  edge  about  the  denuded  area  and  here  are  found  Cytoryctes  in  small 
numbers.    Leucocytes  are  practically  absent  from  the  lesion. 

No.  20.  —  Monkey  inoculated  on  both  corneas  with  vaccine  virus  No.  1 . 

Twenty-four  hours  after  inoculation  both  corneas  are  smooth. 

Forty-three  hours.  Slight  distortion  of  reflected  image.  No  conjunc- 
tival discharge  and  no  photophobia. 

Three  days.  A  slight  depression  marks  the  line  of  inoculation  about 
which  there  is  some  roughening  of  the  corneal  epithelium. 

Four  days.  Marked  roughening  of  cornea  about  inoculation  sites  with 
central  loss  of  substance.  Photophobia  and  some  muco-purulent  dis- 
charge noted. 

Six  days.  Condition  same,  save  that  the  loss  of  substance  is  more 
marked.   Animal  chloroformed  and  tissues  preserved  for  histological  study. 

Histological  examination.  —  Sections  stained  with  eosin  and  methylene 
blue.  Vertical  sections,  taken  just  outside  the  edge  of  the  area  of  the 
cornea  denuded  of  epithelium,  show  a  widespread  thickening  of  the  epi- 
thelial layer  and  large  numbers  of  Cytoryctes  at  a  point  nearest  the  inocu- 
lation site. 

No.  17.  —  Monkey  inoculated  on  both  corneas  with  vaccine  virus  No.  1. 

Twenty-three  hours  after  inoculation  both  corneas  are  smooth,  but  the 
line  of  inoculation  can  be  made  out  by  the  distortion  of  a  reflected  image. 

Fifty-three  hours.  Both  cornea's  show  slight  loss  of  substance,  together 
with  some  roughening.    A  slight  degree  of  photophobia  is  present. 

Three  days.  The  corneas  are  hazy  and  the  loss  of  substance  at  the  site 
of  inoculation  has  increased.  There  is  some  photophobia  and  some  muco- 
purulent discharge. 

Four  days.  Marked  roughness  of  the  corneal  surface  is  apparent  about 
the  inoculation  sites.    Photophobia  and  discharge  continue. 

Five  days.  Each  cornea  shows  a  shallow  erosion  about  which  the 
cornea  is  rough  and  hazy.    Photophobia  and  discharge  still  present. 

Six  days.  Condition  same  as  yesterday  save  that  the  conjunctivas  are 
edematous. 

Seven  days.  Macroscopic  appearances  as  before.  Animal  chloroformed 
and  tissue  saved  for  histological  study. 

Histological  examination.  —  The  condition  found  is  similar  to  that  de- 
scribed in  the  other  corneas  of  this  series.  There  is  an  area  about  the 
point  of  inoculation  over  which  the  epithelium  is  wholly  deficient.  The 
surface  is  smooth  and  the  corresponding  portion  of  the  cornea  is  slightly 
thinner  than  normal. 

The  epithelium  tapers  at  the  border  of  the  deficiency  and  at  this  point 
contains  small  numbers  of  Cytoryctes.  In  one  cornea  there  is  a  deep  in- 
cision partially  filled  with  epithelium.  The  tissue  about  this  contains  a 
small  number  of  leucocytes. 
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No  10.  -  Monkey  inoculated  on  both  corneas  with  vaccine  virus  No  1. 
Twenty- four  hours  after  inoculation  the  cornea  appears  smooth. 
Forty-eight  hours.    Corneas  show  slight  distortion  of  the  reflected 


image.  ,    ,        ...       ,  . 

Three  days.    Both  corneas  slightly  roughened  along  the  line  of  inocu- 
lation. 

Four  days.    Roughness  is  more  marked  and  is  present  over  a  circum- 
scribed area  about  the  incisions.   The  cornea  appears  hazy  and  a  small 
amount  of  muco-purulent  material  is  present  in  the  conjunctival  sac.  . 
Slight  degree  of  photophobia  is  observed. 

Five  days.    Condition  same  as  yesterday  save  that  no  photophobia  is 

noted. 

Six  days.    A  loss  of  substance  is  evident  at  the  center  of  the  roughened 
area.    The  conjunctival  discharge  and  the  photophobia  persist. 

Seven  days.    The  superficial  loss  of  corneal  substance  has  increased, 
otherwise  the  condition  remains  the  same. 

Eight  days.  Animal  chloroformed.  There  is  considerable  edema  of 
the  lfds  with  a  watery  discharge.  The  eroded  area  has  increased  in  extent. 
Tissues  preserved  for  histological  study. 

Histological  examination. —The  epithelium  covering  the  central  por- 
tion of  the  corneal  surface  is  very  thin  and  consists  of  only  two  layers  of 
cells.  There  is  deficiency  of  epithelium  over  an  area  not  over  five-tenths 
of  a  millimeter  across.  Cytoryctes  are  present  in  considerable  numbers  in 
a  single  area  of  the  epithelium. 


SUMMARY.  —  The  inoculation  of  the  monkey's  cornea  with 
vaccine  virus,  provided  a  secondary  pyogenic  infection  does 
not  supervene,  results  in  the  production  of  a  lesion  which 
has  rather  indefinite  macroscopic  characters.  Twenty-four 
hours  after  the  inoculation  a  slight  roughening,  associated 
with  more  or  less  elevation  of  the  corneal  epithelium,  may  be 
apparent.  After  forty-eight  hours  a  loss  of  epithelium  about 
the  point  of  inoculation  is  frequently  present.  The  further 
development  of  the  lesion  is  associated  with  an  increase  in 
this  erosion  and  with  the  development  of  some  degree  of 

photophobia  and  a  conjunctival  discharge. 

The  histological  characters  of  the  lesion  are  as  follows : 
In  the  corneas  taken  seventeen  and  twenty-four  hours  after 

vaccination  the  defect  produced  by  the  inoculation  trauma  is 

filled  in  by  the  growth  of  the  epithelium.  This  constitutes 
•the  ordinary  form  of  repair  following  simple  incision  of  the 

cornea.    Cytoplasmic  forms  of  Cytoryctes  are  present  in  the 
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epithelium.  Subsequent  to  this,  up  to  eight  days  and  proba- 
bly for  an  indefinite  period,  there  is  a  loss  of  epithelium  over 
an  area  about  the  site  of  the  inoculation.  The  epithelium  is 
thin  and  tapers  at  the  edge  of  the  abraded  area,  and  here  the 
cells  appear  to  be  undergoing  degeneration.  Cytoryctes  are 
present  in  all  lesions.  Leucocytes  apparently  play  no  part  in 
the  process,  but  are  present  in  those  lesions  in  which  there  is 
injury  to  corneal  connective  tissue. 

The  destruction  of  epithelium  evidently  outstrips  the 
growth  of  the  epithelium  in  the  corneal  vaccine  lesions  of 
the  monkey. 

DISCUSSION.  —  When  we  compare  the  lesion  produced  on 
the  cornea  of  the  monkey  by  inoculation  with  vaccine  virus 
with  that  which  follows  a  similar  inoculation  on  the  rabbit, 
we  see  that  although  the  fundamental  characters  of  the  lesion 
are  the  same  there  are  important  differences. 

One  of  the  striking  features  of  the  vaccine  process  on  the 
monkey's  cornea  is  the  loss  of  epithelium  about  the  line  of 
inoculation.  This  loss  is  apparent  in  the  early  as  well  as  in 
the  more  advanced  stages  of  the  process,  and  probably  per- 
sists until  the  active  stages  are  passed.  It  is  evident  that  the 
vaccine  virus  in  these  experiments  produced  a  more  exten- 
sive destruction  of  corneal  epithelium  than  has  been  observed 
in  the  corneal  inoculations  of  the  rabbit,  in  which  the  growth 
of  the  epithelium  over-compensates  any  destructive  action. 
The  removal  of  the  degenerated  epithelium  was  probably 
assisted  by  the  dexterous  rubbing  of  the  eyes  which  was  fre- 
quently observed  with  the  monkeys  inoculated  upon  the 
cornea. 

The  course  of  development  of  the  vaccinal  lesion  on  the 
monkey's  cornea  makes  it  a  less  favorable  place  than  we  had 
hoped  for  the  study  of  the  etiological  factor  of  the  disease. 
Owing  to  the  loss  of  epithelium,  which  takes  away  the  bulk  of 
the  infected  cells,  the  sections  are  not  rich  in  parasites.  In 
spite  of  this  the  sections  from  the  corneal  lesions  yielded 
important  data  which  will  be  considered  in  a  later  article 
dealing  specifically  with  Cytoryctes  variolae. 
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CONCLUSIONS. 

1.  Vaccination  of  the  cornea  of  the  monkey,  M.  cyno- 
mologus,  produces  a  lesion  which  is  specific  and  which  is 
comparable  with  that  following  the  same  inoculation  in  the 
rabbit. 

2.  The  lesion  is  characterized  chiefly  by  an  early  loss  ot 
epithelium  at  the  site  of  inoculation  which  is  accompanied 
by  the  development  of  photophobia. and  conjunctivitis. 

3.  Cytoryctes  vaccinae  are  present  in  the  cells  of  the 
lesion. 
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3.     VACCINIA  FOLLOWING    INOCULATION    OF   THE  MUCOUS 
MEMBRANE  OF  THE  MONKEY. 

In  this  section  will  be  presented  the  results  of  inoculation 
of  the  mucous  membrane  of  the  monkey  with  vaccine  virus. 
The  evolution  of  the  lesion  at  the  site  of  inoculation,  the 
general  reaction  of  the  animal,  and  the  histology  of  the 
specific  lesion  will  be  described  in  some  detail.  These  inoc- 
ulations were  undertaken  to  show  what  variations  might 
result  in  the  evolution  of  the  specific  lesion  of  vaccinia  due 
to  a  change  in  the  locus  of  inoculation.  The  material  col- 
lected for  the  histological  study  of  the  specific  lesion  served 
as  well  for  the  study  of  the  parasite  of  the  disease. 

TECHNIC.  —  Nine  monkeys  were  inoculated  in  this  series. 
Vaccine  virus  No.  1  was  rubbed  into  shallow  incisions  made 
on  the  mucous  membrane  of  the  soft  palate,  of  the  septum 
of  the  nose,  and  of  the  inner  surface  of  the  lower  lip.  The 
appearances  at  the  site  of  inoculation,  the  body  temperature, 
and  the  general  condition  of  the  animal  were  noted  daily. 
The  monkeys  were  killed  at  various  intervals  after  the  inocu- 
lation, and  material  for  histological  study  was  preserved  in 
Zenker's  fluid. 

Details  of  experiments. 

No.  81.  —  Adult  male,  M.  cynomologus.  Inoculated  on  the  left  side 
of  the  nasal  septum,  on  the  inside  of  the  lower  lip,  and  on  the  soft  palate 
with  vaccine  virus  No.  1.  At  the  time  of  inoculation  some  of  the  virus 
was  also  blown  into  the  throat.    Body  temperature  39. 90  C. 

Twenty-four  hours  after  the  inoculation  no  process  was  visible  at  the 
site  of  the  incisions.    Body  temperature  38. 50  C. 

Forty-eight  hours.  In  the  nose  the  inoculation  scratch  is  just  visible. 
The  lip  presents  a  small  white  spot.  The  palate  shows  a  minute  white 
papule  one  millimeter  or  less  in  diameter.    Body  temperature  380  C. 

Three  days.  Nose:  some  elevation  and  opacity  of  the  mucous  mem- 
brane about  a  small  brown  area.  Lip  :  three  circular  opaque  white  areas, 
two  millimeters  in  diameter,  along  the  line  of  inoculation.  Each  of  these 
opaque  areas  show  a  minute  central  pink  spot.  Palate  :  in  the  inoculated 
area  are  two  small,  slightly  elevated,  opaque  white  spots,  about  two  milli- 
meters in  diameter,  each  with  a  minute,  central,  pink  dot  and  surrounded 
by  an  areola.    Body  temperature  38  40  C. 
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Four  days.  Nose:  an  opaque  white  elevation,  just  inside  the  orifice. 
Lip  •  an  elevated  opaque  white  area,  three  by  six  millimeters,  the  center 
of  which  is  macerated,  and  winch  is  surrounded  by  a  distinct  red  flush. 
Palate-  an  oval  area,  three  by  four  millimeters,  opaque  white,  with  two 
minute  translucent  dots  near  the  center.  The  two  areas  not.ed  yesterday 
have  fused.    Marked  peripheral  pink  flush.    Body  temperature  39°  C. 

Five  days.  Nose:  Left  orifice  almost  closed  by  swelling  of  mucous 
membrane.  On  the  anterior  portion  of  the  left  side  of  the  septum  is  an 
elevated  white  area  surmounted  by  a  small  vesicle  surrounding  a  small 
yellow  crust.  Lip  :  lesion  presents  an  eroded  area  with  an  elevated  ragged 
edge,  ten  by  five  millimeters  in  extent,  and  surrounded  by  a  distinct  areola. 
No  trace  of  vesicle  formation  can  be  made  out,  the  lesion  being  essen- 
tially an  ulcer.  Palate  :  an  elevated  opaque  white  area,  five  by  three  milli- 
meters, with  gray,  semi-translucent  center,  and  surrounded  by  an  areola. 
Body  temperature  39. 20  C.  Animal  chloroformed  and  autopsy  done  at 
once.  Primary  lesions  as  described.  No  evidence  of  a  specific  lesion 
found  in  the  gastro-intestinal  tract.    Viscera  normal. 

No.  82.  — Adult  male,  M.  cynomologus.  Inoculated  on  mucous  mem- 
brane of  nose,  lip,  and  palate  with  vaccine  virus  No.  1.  Body  tempera- 
ture 39. 50  C. 

Twenty-four  hours  after  the  inoculation  the  mucous  membrane  shows 
no  macroscopic  lesion.    Body  temperature  39. 50  C. 

Forty-eight  hours.  A  small  white  area  is  visible  in  the  nose,  and  a 
similar  spot  is  seen  at  the  site  of  inoculation  on  the  lip.  The  palate  shows 
no  lesion.    Body  temperature  38. 8°  C. 

Three  days.  Nose:  a  pink  elevation  is  visible.  Lip:  white  opaque 
area,  two  by  five  millimeters,  is  apparent  along  the  line  of  inoculation. 
The  mucous  membrane  over  this  area  is  more  or  less  macerated,  and 
about  the  area  there  is  a  distinct  red  flush.  Palate  :  a  single  translucent 
papular  elevation,  two  millimeters  in  diameter,  with  a  minute  opaque 
central  dot  is  seen  on  the  line  of  inoculation.    Body  temperature  39. 2°  C. 

Four  days.  Nose:  a  number  of  minute  elevated  opaque  areas  sur- 
rounded by  a  pink  flush.  Lip  :  an  excoriated,  bleeding  area,  six  by  three 
millimeters,  with  an  elevated  opaque  white  edge,  and  surrounded  by  a 
distinct  areola.  Palate :  an  opaque  white  area,  with  an  elevated  margin, 
and  surrounded  by  a  red  areola.    Body  temperature  39. 50  C. 

Five  days.  Nose :  a  grayish  elevation  with  a  pink  margin.  Lip :  an 
elevated  opaque  white  area,  ten  by  six  millimeters,  with  some  erosion  of 
the  surface,  and  with  a  sharp  border  which  is  surrounded  by  a  red  areola. 
Palate  :  an  elevated  gray-yellow  area,  eight  by  three  millimeters,  present- 
ing several  minute  bleeding  points  and  a  bright  red  areola. 

Six  days.    Nose:  inspection  difficult  and  findings  indefinite.  Lip: 
lesion  as  before,  but  somewhat  increased  in  extent.    Palate :  lesion  as 
yesterday  save  that  it  has  spread  a  little.    Body  temperature  400  C. 
Seven  days.    Nose  :  mucous  membrane  swollen,  and  presents  an  opaque 
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white  elevation  on  the  septum.  Lip:  lesion  is  one  centimeter  in  diam- 
eter, border  slightly  irregular  and  overhanging  in  places,  central  portion 
depressed  and  eroded,  showing  in  places  red  granulation  tissue  and  in 
places  islands  of  macerated  epithelium.  The  mucous  membrane  about  the 
lesion  is  hyperemic.  Palate :  an  opaque  gray  area,  ten  by  four  milli- 
meters, edge  elevated  and  surrounded  by  an  areola.  Body  temperature 
39  5°  C. 

Eight  days.  Nose  :  yellow  crusts  are  visible,  but  swelling  of  the  mucous 
membrane  renders  close  inspection  impossible.  Lip:  lesion  is  the  same 
as  yesterday  save  that  the  areola  has  faded.  Palate  :  same  as  before  save 
that  areola  is  absent  and  the  lesion  has  not  extended.  Body  temperature 
39°  C.  Animal  chloroformed  and  autopsy  done  at  once.  Lesions  at 
site  of  inoculation  as  described  above,  internal  organs  show  no  evidence 
of  specific  lesions. 

No.  83.  — Adult  male,  M.  cynomologus.  Inoculated  on  the  septum  of 
the  nose,  inside  of  the  lip,  and  on  the  soft  palate  with  vaccine  virus  No.  1 . 
Body  temperature  39. 8°  C. 

Twenty-four  hours  after  the  inoculation  no  specific  lesion  is  macroscopi- 
cally  evident.    Body  temperature  39. 6°  C. 

Forty-eight  hours.  Nose:  a  narrow  red  crust  is  evident.  Lip  and 
palate  show  no  reaction.  Body  temperature  38. 8°  C.  Animal  chloro- 
formed and  autopsy  done  at  once.  Extensive  lesions  of  tuberculosis  were 
present.  This  case  will  be  described  from  the  point  of  view  of  the  inter- 
current disease  in  another  article  in  this  series. 

No.  84.  —  Adudt  male,  M.  cynomologus.  Inoculated  in  the  nose,  on  the 
lip,  and  palate  with  vaccine  virus  No.  1.    Body  temperature  39. 50  C. 

Twenty-four  hours  after  the  inoculation  no  evidence  of  reaction  is 
visible.    Body  temperature  39. 20  C. 

Forty-eight  hours.  Nose  :  negative.  Lip  :  small  red  papular  elevation 
on  line  of  inoculation.  Palate:  red  line  marks  site  of  scratch.  Body 
temperature  380  C. 

Three  days.  Nose  :  a  small  gray  crust  is  visible  on  the  septum.  Lip  : 
two  opaque  white  elevations,  two  millimeters  in  diameter,  are  present,  one 
at  either  end  of  the  line  of  inoculation.  Between  these  white  spots 
runs  a  narrow  white  line.  There  is  considerable  reddening  of  the  mucous 
membrane  about  the  lesion.  Palate:  two  small  opaque  white  elevations, 
one  and  a  half  millimeters  in  diameter,  are  joined  by  a  narrow  red  line. 
Body  temperature  390  C.  Animal  chloroformed  and  an  autopsy  done  at 
once.  Lesions  at  the  site  of  inoculation  as  described  above.  The  mucous 
membrane  of  the  respiratory  and  digestive  tracts  examined  and  no 
evidence  of  a  vaccine  lesion  found. 

No.  85.  —  Adult  male,  M.  cynomologus.  Inoculated  on  the  inner  sur- 
face of  the  lip,  on  the  nasal  septum,  and  on  the  soft  palate  with  vaccine 
virus  No.  1.    Body  temperature  38. 8°  C, 
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Twenty-four  hours  after  the  inoculation  there  is  slight  redness  about 
the  incision  on  the  lip.  The  nose  and  the  palate  are  negative.  Body 
temperature  390  C. 

Forty-eight  hours.  Nose:  a  brown  crust  is  visible.  Lip:  the  redness 
persists.  Palate :  two  small  yellow  papular  elevations  are  seen  on  the 
line  of  the  inoculation.    Body  temperature  390  C. 

Three  days.    Nose:  crust  is  still  present.    Lip:  a  small  opaque  white 
area,  one  by  two  millimeters,  seated  upon  red  mucous  membrane.   Palate  : 
two  opaque  white  papular  elevations,  two  millimeters  in  diameter,  and 
one  millimeter  elevated  above  the  general  surface,  surrounded  by  a  pink' 
flush.    Body  temperature  39.2°  C. 

Four  days.  Nose:  small  vesicle  with  a  pink  peripheral  flush.  Lip: 
opaque  white  area,  two  by  two  millimeters,  with  a  distinct  pink  flush  about 
it.  Palate :  two  white  elevations,  two  millimeters  in  diameter,  flat-topped, 
and  one  millimeter  in  height,  surrounded  by  an  areola.  Body  temperature 
39.8°  C. 

Five  days.  Nose :  some  degree  of  erosion  of  the  mucous  membrane  of 
the  septum  at  the  site  of  inoculation.  Lip :  an  area  eight  by  four  milli- 
meters presents  an  elevated,  somewhat  ragged  white  edge,  an  eroded 
central  portion  and  a  circumferencial  pink  flush.  Palate:  elevated  area, 
eight  by  three  millimeters,  with  a  grayish-white  center  and  a  pink  periph- 
ery. The  nostril  presents  a  vesicle  which  has  spread  from  the  mucous 
surface  out  upon  the  skin.    Body  temperature  39,6°  C. 

Six  days.  Nose  :  left  nostril  almost  occluded  by  swelling  of  the  mucous 
membrane  and  by  yellow  crusts.  Lip:  lesion  presents  same  features  as 
yesterday.  Palate  :  lesion  has  enlarged  somewhat  and  the  central  portion 
has  a  yellow  color.    Body  temperature  39. 8°  C. 

Seven  days.  Body  temperature  39.5°  C.  Animal  chloroformed.  Nose  : 
along  edge  of  nostril  is  a  shallow  excoriation  from  which  oozes  a  partly 
clear  and  partly  clouded  fluid.  The  septum  presents  irregular  opaque 
white  elevations  along  the  line  of  the  inoculation.  Lip  :  lesion  as  before, 
save  that  loss  of  substance  is  more  marked  and  there  is  some  bleeding. 
Palate:  lesion  as  before.    Viscera  appear  normal. 

No.  86.  — Full  grown  female,  M.  cynomologus.  Inoculated  in  nose,  on 
lip,  and  on  soft  palate  with  vaccine  virus  No.  I.    Body  temperature  39°C. 

Twenty-four  hours  after  the  inoculation  no  evidence  of  a  specific  process 
is  visible  on  inspection.    Body  temperature  39. 20  C. 

Forty-eight  hours.  Nose  :  a  narrow  crust  marks  the  site  of  the  inocula- 
tion.   Lip  and  palate  negative.    Body  temperature  39. 20  C. 

Three  days.  Lesions  show  no  change  since  yesterday.  Body  tempera- 
ture 380  C. 

Four  days.  Nose :  white  elevation  at  site  of  inoculation.  Lip  and 
palate  negative.    Body  temperature  390  C 

Five  days.  Nose :  an  elevation  two  millimeters  wide  on  septum  near 
edge  with  central  loss  of  substance.  Lip  and  palate  negative.  Body 
temperature  38. 20  C. 
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Six  days.  Nose  :  left  nostril  almost  closed  by  swelling  of  mucous  mem- 
brane and  yellow  crusts.  Inspection  of  interior  not  possible.  Lip  and 
palate  negative.    Body  temperature  390  C. 

Seven  days.  Nose :  edge  of  nostril  presents  a  shallow  erosion  partly 
covered  by  a  yellow  crust.  Lip  and  palate  negative.  Body  temperature 
39°  C 

Eight  days.  Nose :  excoriation  about  nostril  persists.  Swelling  of 
mucous  membrane  less  marked.  Lip  and  palate  show  no  lesion.  Body 
temperature  390  C. 

Nine  days.  Nose  :  lesion  at  edge  of  nostril  from  this  time  on  heals  like 
any  vaccination  of  the  skin.  Animal  allowed  to  survive.  Twenty-two 
days  after  the  first  inoculation  the  monkey  was  inoculated  again  with 
vaccine  virus  No.  1.    No  lesion  followed. 

No.  87.— Full  grown  male,  M.  cynomologus.  Animal  inoculated  in 
nose,  on  lip,  and  on  soft  palate  with  vaccine  virus  No.  1.  Body  tem- 
perature 390  C. 

Twenty-four  hours  after  inoculation  the  nose  is  negative,  while  the  lip 
and  palate  show  a  red  line  on  the  mucosa  at  the  site  of  the  incision.  Body 
temperature  39. 4°  C. 

Forty-eight  hours.  Nose:  the  inoculation  scratch  is  now  visible.  Lip 
negative.  Palate  :  small  red  area  at  site  of  inoculation.  Body  temperature 
38°  C. 

Three  days.  Nose:  mucosa  pink,  lesion  not  definite.  Lip:  a  white 
line,  three  millimeters  long  and  one  millimeter  broad,  marks  the  site  of 
the  inoculation.  Palate :  shows  a  white  papular  elevation,  one  millimeter 
in  diameter,  surrounded  by  a  pink  flush.    Body  temperature  390  C. 

Four  days.  Nose:  white  elevation  with  a  pink  flush  about  it.  Lip: 
negative.  Palate :  opaque,  white,  oval  elevated  area,  two  by  three  milli- 
meters, with  a  translucent  center  and  a  pink  peripheral  flush.  Body 
temperature  39. 20  C. 

Five  days.  Nose  :  left  side  of  the  septum  and  the  roof  of  the  left  nostril 
swollen,  considerable  mucous  discharge.  A  translucent  vesicle  is  present 
at  the  edge  of  the  nostril.  Lip:  no  lesion.  Palate:  a  gray-white  ele- 
vation, two  by  three  millimeters,  surrounded  by  a  pink  flush.  Body 
temperature  400  C. 

Six  days.  Nose  :  left  nostril  all  but  occluded  by  a  mass  of  yellow  crusts 
springing  from  the  septum  and  the  upper  border  of  the  nostril.  Lip : 
negative.  Palate  :  oval  area  with  an  elevated  opaque  white  edge,  an  eroded, 
pink  center,  and  a  distinct  red  areola.    Body  temperature  40°  C. 

Seven  days.  Nose  :  lesions  at  edge  of  nostril  extending  and  involving 
skin.  Inspection  of  mucous  membrane  not  possible  on  account  of  crusts 
and  swelling.  Lip  :  negative.  Palate  :  lesion  measures  six  by  four  milli- 
meters, edge  sharply  circumscribed,  elevated  and  gray-white,  central 
portion  gray  and  eroded.    Body  temperature  39-5°  c- 

Ei<rht  days.  Nose :  left  nostril  presents  an  opaque  white  elevation 
which  bulges  out  from  the  septum  and  from  the  upper  border  of  the  orifice. 
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The  lesion  at  the  edge  of  the  nostril  has  extended  somewhat  on  the  skin 
surface.  Lip:  negative.  Palate  :  lesion  presents  same  features  as  yester- 
day.   Body  temperature  390  C. 

Nine  days.  Nose:  lesion  less  extensive  than  before.  Lip:  negative. 
Palate:  lesion  presents  same  features  as  yesterday.  Body  temperature 
390  C.  Animal  chloroformed.  At  autopsy  no  specific  lesions  found  other 
than  those  at  sites  of  inoculation. 

No.  88.  —  Adult  male,  M.  cynomologus.  Inoculated  inside  of  nose, 
on  lip,  and  on  soft  palate  with  vaccine  virus  No.  1.  Body  temperature 
39°  C 

Twenty-four  hours  after  inoculation  no  reaction  is  visible.  Body  tem- 
perature 38. 6°  C. 

Forty-eight  hours.  Nose :  a  narrow  dark  red  crust  marks  the  line  of 
inoculation.  Lip:  mucous  membrane  reddened  about  scratch.  Palate: 
an  area  two  millimeters  in  diameter,  with  an  opaque  white  center  and  a 
deep  red  flush  about  it,  seen  at  the  point  of  inoculation.  Body  temperature 
38°  C. 

Three  days.  Nose :  narrow  brownish  depressed  line,  bordered  by  an 
elevation  the  color  of  the  mucous  membrane.  Lip  :  a  line,  one  millimeter 
wide,  opaque  white  in  color,  occupies  the  site  of  the  scratch.  About  this 
line  the  mucous  membrane  is  reddened.  Palate  :  a  narrow  irregular  white 
line  bordered  by  an  areola,  the  whole  somewhat  elevated,  is  visible  at  the 
site  of  inoculation.    Body  temperature  38.2°  C. 

Four  days.  Nose :  mucous  membrane  injected,  but  no  definite  lesion 
can  be  made  out.  Lip :  an  opaque  white  area,  six  by  two  millimeters, 
with  small  area  of  loss  of  substance  and  surrounded  by  a  red  areola. 
Palate  :  an  oval  area,  two  by  four  millimeters,  slightly  elevated  and  seated 
on  reddened  mucous  membrane.    Body  temperature  38.50  C. 

Five  days.  Nose:  some  muco-purulent  discharge  from  the  left  nostril. 
A  white  elevation  with  a  pink  border  is  visible  on  the  septum.  Lip: 
opaque  white  elevated  area,  eight  by  two  millimeters,  with  some  superficial 
loss  of  substance  and  with  a  red  areola.  Palate :  two  lesions  present,  one 
six  by  two  millimeters,  and  one  two  by  two  millimeters.  Both  lesions  are 
slightly  elevated  and  present  a  gray  center,  a  white  periphery,  and  a  red 
areola.    Body  temperature  38. 8°  C. 

Six  days.  Lesions  same  as  yesterday,  save  that  they  have  extended 
somewhat.  Body  temperature  390  C.  Animal  chloroformed  and  an 
autopsy  done  at  once.  Specific  lesions  as  described.  No  evidence  of 
vaccinal  lesions  found  in  respiratory  or  digestive  tract. 

No.  89. —  Adult  male,  M.  cynomologus.  Inoculated  in  nose,  on  lip, 
and  on  soft  palate  with  vaccine  virus  No.  r.    Body  temperature  39. 50  C. 

Twenty-four  hours  after  inoculation  the  lip  shows  slight  reddening  of 
the  mucous  membrane  about  the  scratch.  The  other  sites  are  negative. 
Body  temperature  39.5°  C. 

Forty-eight  hours.    Nose  and  palate  negative.     Lip :  two  small  red 
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papular  elevations,  two  millimeters  in  diameter,  are  present.  About  these 
the  mucous  membrane  is  reddened  for  a  distance  of  one  centimeter.  Body 
temperature  390  C. 

Three  days.  Nose :  a  small  crust  is  visible  at  the  site  of  inoculation. 
Lip :  an  irregular  opaque  white  area,  from  one  to  three  millimeters  broad 
and  eight  millimeters  long,  surrounded  by  a  red  flush,  is  present.  Palate  : 
two  flat-topped  white  elevations,  two  millimeters  across  and  one  millimeter 
high,  seated  on  a  slightly  reddened  mucosa,  mark  the  site  of  the  inocula- 
tion.   Body  temperature  39. 20  C. 

Four  days.  Nose  :  septum  swollen  and  beset  with  yellow  crusts.  Lip  : 
an  irregular  elevation  from  two  to  four  millimeters  wide  and  twelve  milli- 
meters long,  dirty  white  in  color,  and  presenting  superficial  losses  of  sub- 
stance. Lesion  sharply  circumscribed  and  surrounded  by  a  deep  red 
areola.  Palate:  lesions  have  increased  in  size.  Body  temperature  39. 6° 
C.  Animal  chloroformed.  At  autopsy  no  specific  lesions  found  other 
than  those  at  the  site  of  the  inoculations. 

No.  90.  — Adult  male,  M.  cynomologus.  Inoculated  in  nose,  on  lip,  and 
on  soft  palate  with  vaccine  virus  No.  1.    Body  temperature  400  C. 

Twenty-six  hours  after  the  inoculation  the  animal  was  chloroformed. 
No  reaction  was  visible  at  the  site  of  inoculation.  No  visceral  lesions 
were  found  at  autopsy. 

SUMMARY. 

I.  Macroscopic  appearance  of  specific  lesions.  Lip. — 
After  forty-eight  hours  there  appears  a  small  white  or  reddish 
papule,  or  simply  a  red  area  at  the  site  of  inoculation. 

After  seventy-two  hours  the  mucous  membrane  is  slightly 
elevated  and  opaque  for  a  distance  of  two  millimeters  on  each 
side  of  the  scratch.  There  is  a  faint  peripheral  flush  or 
areola. 

After  four  days  the  opaque  area  has  spread  one  or  two 
millimeters,  the  areola  is  more  marked,  and  the  edge  of  the 
lesion  is  more  or  less  sharply  circumscribed.  There  may  be 
some  erosion  of  the  opaque  area  and  in  any  case  it  has  a 
macerated  appearance.  From  this  time  on  the  lesion  spreads 
slowly,  presents  a  rather  sharp,  elevated  white  opaque  border, 
with  a  peripheral  flush,  the  central  portion  being  more  or  less 
eroded.  There  is  no  macroscopic  evidence  of  vesicle  forma- 
tion or  of  crusting. 

On  the  palate  the  lesion  runs  an  identical  course  and 
begins  to  heal  about  the  ninth  day. 
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In  the  nose  the  macroscopic  appearances  are  unsatisfactory, 
owing  to  the  swelling  of  the  mucous  membrane,  which  pre- 
vents close  inspection.  When  the  inoculation  is  at  all  near 
the  anterior  area,  there  is  a  decided  tendency  for  the  lesion 
to  spread  out  over  the  skin  about  the  nostril,  where  it  takes 
on  the  characteristics  of  a  skin  inoculation. 

2.  No  general  constitutional  reaction  was  observed.  —  The 
temperature  reaction  was  not  marked,  though  there  was 
slight  elevation  of  the  temperature  on  the  fifth,  sixth,  or 
seventh  day  of  the  disease.  No  general  exanthem  was 
observed. 

3.  Histological  examination  of  the  specific  lesions  and 
of  the  viscera.  — Of  the  three  places  chosen  for  inoculation, 
two,  the  lip  and  the  palate,  yield  similar  microscopic  pict- 
ures. In  the  nose,  two  sorts  of  lesions  are  found,  depending 
upon  whether  the  lesion  develops  upon  the  portion  lined  by 
stratified  or  by  columnar  epithelium.  In  the  former  case 
the  lesion  is  similar  to  that  on  the  lip  or  palate. 

In  a  general  way  the  lesion  on  the  palate,  which  can  be 
taken  as  a  type  of  that  on  a  stratified  mucous  epithelium, 
suggests  a  lesion  on  a  hairless  skin  from  which  the  crust  and 
the  other  superficial  parts  have  been  removed.  When  we 
examine  lesions  of  various  durations  in  detail  we  find  a  close 
similarity  in  them  to  the  vaccine  lesion  on  the  skin,  both  in 
the  cell  changes  and  in  the  histogenesis  of  the  lesion.  For 
forty-eight  hours  after  the  inoculation  the  only  change 
demonstrable  is  a  small  cleft  in  the  submucous  connective 
tissue  which  is  filled  by  blood  and  fibrin  with  an  occasional 
polynuclear  leucocyte.  A  few  leucocytes  are  also  to  be 
found  in  and  about  the  neighboring  vessels  and  in  the  over- 
lying epithelium,  which  has  closed  over  the  inoculation 
wound.  Later  lesions  show  swelling  and  degeneration  of  the 
epithelial  cells  over  a  small  area  which  increases  in  size  from 
day  to  day  as  the  lesion  spreads.  If  we  study  a  lesion  of 
five  days  duration  we  find  at  the  periphery  some  swelling  of 
the  individual  epithelial  cells  which  gives  place,  as  we 
approach  the  center  of  the  lesion,  to  various  degenerations. 
In  this  thickened  epithelium  at  the  edge  of  the  lesion  we 
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find  fluid  collecting  between  the  cells  in  such  wise  as  to  form 
minute  chambers  similar  to  those  in  the  periphery  of  a  skin 
lesion  of  the  same  duration.  This  is  the  only  approach  to 
vesicle  formation  presented  by  these  lesions.  In  the  center 
of  the  lesion  the  epithelial  cells  are  quite  unrecognizable,  and 
the  space  is  filled  by  fibrin,  leucocytes,  and  cell  detritus. 
There  is  often  a  rather  sharp  line  of  demarcation  between 
the  swollen  but  comparatively  normal  epithelium  which 
borders  the  lesion  and  the  degenerated  central  portion. 
Occasionally,  islands  of  pathological,  but  still  recognizable, 
epithelial  cells  are  found  in  the  necrotic  area. 

The  submucous  tissue  presents  a  complicated  cell  picture. 
The  blood  vessels  are  more  or  less  prominent,  in  part  on 
account  of  swelling  and  proliferation  of  their  endothelial 
cells,  and  in  part  from  the  large  number  of  polynuclear 
leucocytes  within  them  and  migrating  through  their  walls. 
The  connective  tissue  cells  are  more  or  less  swollen  and  are 
frequently  undergoing  mitosis.  A  considerable  number  of 
eosinophile  leucocytes  are  frequently  present.  Polynuclear 
leucocytes  occur  in  large  numbers,  but  do  not  form  such  a 
prominent  part  of  the  picture  as  they  do  in  the  skin  lesion. 
Besides  these  readily  identified  cells  there  are  many  mononu- 
clear cells  present  which  are  not  so  easily  distinguished.  The 
majority  of  them  seem  to  belong  to  the  lymphoid-plasma 
cell  series,  while  some  are  probably  of  endothelial  origin. 

In  the  older  lesions  evidence  of  repair  is  found.  The 
epithelial  cells  grow  in  from  the  epithelium  at  the  periphery 
of  the  lesion  and  upward  from  the  ducts  of  the  glands.  There 
is  active  new  formation  of  blood  vessels  and  of  connective 
tissue  beneath  the  lesion. 

In  the  portion  of  the  nose  covered  by  columnar  epithelium 
the  process  is  somewhat  different  from  that  described  above. 
We  find  large  areas  denuded  of  epithelium  and  a  marked 
reaction  of  an  inflammatory  sort  in  the  tissue  beneath.  The 
lack  of  coherence  between  the  columnar  epithelial  cells  in 
this  situation  prevents  any  marked  thickening  at  the  edge  of 
the  lesion. 

The  cytoplasmic  phases  of  Cytoryctes  variolar  were  present 
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in  the  epithelial  cells  in  lesions  of  all  durations  and  in  all 
situations.  Infected  endothelial  cells  were  demonstrable  in 
one  lesion.  They  occurred  in  a  capillary  beneath  a  lesion  of 
six  days  duration  on  the  stratified  epithelium  of  the  nose. 

The  foregoing  experiments  show  that  an  inoculation  upon 
the  nasal,  buccal,  or  oral  mucous  membrane  of  the  monkey 
with  vaccine  virus  produces  a  characteristic,  self-limiting 
lesion.    Histological  study  of  these  lesions  shows  them  to  be 
similar  to  those  produced  on  the  skin  by  vaccination.  The 
differences  observed  in  the  vaccine  lesion  on  the  mucous 
membrane  from  that  on  the  skin  are  readily  explained  by  the 
physical  conditions  at  the  site  of  inoculation.    The  vaccine 
lesion  on  the  mucous  membrane  shows  no  crust  or  vesicle. 
The  absence  of  these  characters  in  the  lesion  is  undoubtedly 
due  to  the  fact  that  the  epithelium  at  this  site  of  inoculation 
does  not  possess  a  horny  layer,  and  also  to  the  fact  that  the 
surfaces  are  constantly  rubbing  one  against  another  and  are 
bathed  with  fluid.    We  have  seen  that  small  collections  of 
fluid  between  the  swollen  and  degenerated  cells  of  the  lesion 
may  take  place  in  the  vaccine  lesions  of  the  mucous  mem- 
brane.   This  process  is  the  same  as  that  seen  in  the  periph- 
eral portions  of  a  developing  vaccine  lesion  on  the  skin.  As 
soon,  however,  as  a  considerable  amount  of  fluid  collects,  the 
tendency  is  for  it  to  escape  on  the  surface,  and  so  no  large 
vesicle  forms.    The  reaction  in  the  tissue  beneath  the  lesion 
is  similar  in  kind  to  that  beneath  a  vaccine  lesion  of  the  skin, 
but  the  process  is  less  in  degree.    If  we  assume  that  the 
reaction  in  the  corium  beneath  the  skin  vaccination  is  due  to 
substances  absorbed  from  the  specific  process  in  the  epider- 
mis, it  is  to  be  expected  that  the  reaction  would  be  less 
intense  beneath  a  vaccine  lesion  on  a  mucous  membrane. 
In  the  latter  situation  the  greater  part  of  the  products  of  the 
process  in  the  epithelium  must  escape  on  the  surface.  The 
mild  constitutional  reaction  and  slight  degree  of  fever  that 
these  animals  present  is  doubtless  due  to  the  same  cause. 
The  constant  presence  of  the  cytoplasmic  phases  of  Cyto- 
ryctes  variolae  in  the  epithelial  cells  of  the  lesion,  and  the 


262 


BRING  KERIIOFF  AND  TYZZER. 


absence  of  nuclear  phases  is  consistent  with  the  hypothesis 
that  the  latter  are  peculiar  to  variola  for,  as  we  will  show 
later,  the  epithelial  cells  of  the  mucous  membrane  present 
many  examples  of  the  nuclear  phases  of  the  organism  when 
variola  virus  is  used  for  inoculation. 

CONCLUSIONS. 

1.  Vaccination  of  the  monkey,  M.  cynomologus,  upon  the 
nasal,  oral,  or  buccal  mucous  membrane  gives  rise  to  a  true 
vaccine  lesion  similar  to  that  which  follows  vaccination  of 
the  skin. 

2.  The  vaccine  lesion  on  the  mucous  membrane  shows 
certain  differences  from  that  upon  the  skin,  but  these  differ- 
ences are  explained  by  the  physical  conditions  at  the  point 
of  inoculation. 

3.  The  presence  of  cytoplasmic  phases  of  Cytoryctes 
variolae,  and  the  absence  of  nuclear  phases  of  the  organism 
in  the  vaccine  lesion  on  the  mucous  membrane,  is  consistent 
with  the  hypothesis  that  the  former  cycle  is  associated  with 
the  lesions  of  vaccinia,  and  that  the  latter  do  not  occur  in 
such  lesions,  being  peculiar  to  variola. 
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Part  II. 

STUDIES     UPON      EXPERIMENTAL     VARIOLA     IN  MONKEYS 

(Macacus  cynomologus  and  M.  nemestrinus)  AND  in 
the  ORANG  UTAN  (Simia  satyrus.) 

1.  Variola  inoculata  following  inoculation  of  the  skin  of  the  monkey. 

2.  Variola  inoculata  in  the  orang  utan. 

3.  Variolous  keratitis  in  the  monkey. 

4.  Variola  inoculata  following  inoculation  of  the  mucous  membrane  of  the 

monkey. 

5.  On  the  occurrence  of  variola  vera  in  monkeys  and  in  the  orang  utan. 

IV.  R.  Brinckerhoff  and  £.  E.  Tyzzer. 

I.  VARIOLA  INOCULATA  FOLLOWING  INOCULATION  OF 
THE  SKIN  OF  THE  MONKEY. 
In  these  experiments  particular  attention  was  paid  to  the 
evolution  of  the  specific  lesion  at  the  site  of  the  inoculation, 
to  the  general  exanthem,  and  to  the  constitutional  reaction  of 
the  animal.  Material  was  collected  for  the  histological  study 
of  the  primary  lesion  of  the  exanthem,  and  of  the  internal 
organs. 

TECHNIC  The  different  strains  of  virus  used  were 
obtained  from  cases  of  smallpox  occurring  among  the 
European  and  native  population  of  Manila  and  of  the  Prov- 
inces. So  far  as  circumstances  permitted,  the  virus  was  kept 
on  ice  from  the  time  of  collection  until  used  for  inoculation. 

In  some  experiments  the  contents  of  the  pustule  or  the 
dry  disk  was  used,  but  as  a  rule  the  contents  of  the  unclouded 
vesicle  was  selected  for  inoculation.  Each  strain  of  virus, 
except  one,  was  inoculated  at  least  once  upon  the  skin  of  a 
fresh  monkey  to  test  its  potency.  The  different  strains  of 
virus  used  were  as  follows : 

No.  21.  —  Collected  April  6,  1904,  from  a  case  of  severe  variola  vera  in 
a  native  male,  aged  about  twenty  years,  on  the  twelfth  day  of  the  disease. 
No.  52.  —  Collected  May  4,  from  a  case  of  severe  variola  vera  in  an 
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American  negro  in  Bilidid  Prison,  aged  about  thirty  years,  on  the  tenth 
day  of  the  disease. 

No.  167.  —  Collected  from  a  case  of  severe  variola  vera  in  a  native 
male,  aged  about  twenty  years.  The  contents  of  unclouded  vesicles 
was  collected  on  the  eighth  day  of  the  disease,  August  6,  and  again  on  the 
following  day.  The  contents  of  the  pustules  was  collected  on  the  fifteenth 
day,  and  the  disks  from  the  palms  and  soles  on  the  nineteenth  day  of  the 
disease. 

No.  199.  —  Collected  on  September  18,  from  a  case  of  severe  variola 
vera  in  an  American  infant  on  the  ninth  day  of  the  disease. 

No.  200. — Collected  on  September  17,  from  a  case  of  severe  variola 
vera  in  a  Spanish-Filipino  infant,  on  about  the  ninth  day  of  the  disease. 

No.  252.  —  Collected  October  7,  from  a  case  of  severe  variola  vera  in  a 
native  infant,  at  autopsy,  on  about  the  tenth  day  of  the  disease. 

No.  307.  —  Collected  on  October  23,  from  a  case  of  severe  variola  vera 
in  an  adult  native  male,  on  about  the  ninth  day  of  the  disease. 

No  325.  —  Collected  November  3,  from  a  case  of  mild  variola  vera  in  a 
native  boy,  aged  eight  years,  on  about  the  tenth  day  of  the  disease. 

No.  326.  —  Collected  November  6,  from  a  case  of  severe  variola  vera  in 
a  native  boy,  aged  twelve  years,  on  about  the  eighth  day  of  the  disease. 

No.  327.  — Collected  on  November  9,  from  a  case  of  severe  variola  vera 
in  a  native  girl,  aged  eleven  years,  on  about  the  ninth  day  of  the  disease. 

Method  of  inoculation.  The  introduction  of  the  contagion 
into  the  animal  was  affected  by  making  a  number  of  sepa- 
rate shallow  scratches  with  the  point  of  a  scalpel  on  the  pre- 
viously shaved  and  clean  skin  of  the  abdomen,  and  rubbing 
the  virus  into  the  wound  with  the  back  of  the  instrument. 
The  inoculations  were  placed  at  least  two  centimeters  apart. 
The  usual  precautions  were  observed  to  avoid  the  introduc- 
tion of  extraneous  matter.  An  anesthetic  was  employed 
whenever  discomfort  might  otherwise  be  caused  to  the 
animal. 

The  animals  were  observed  daily  during  the  course  of 
each  experiment.  The  naked  eye  appearance  of  the  lesions 
at  the  sites  of  inoculation  was  recorded,  together  with  the 
occurrence  and  evolution  of  the  exanthem,  the  constitutional 
reaction,  the  body  temperature  taken  per  rectum,  and  the 
reaction  of  the  lymph  nodes. 

Material  for  histological  study  was  obtained  either  by 
excision  of  the  lesions  during  the  course  of  the  experiment, 
or  by  autopsy  when  the  animal  was  killed.    All  tissues  were 
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fixed  in  Zenker's  fluid  for  twenty-four  hours,  washed  in  run- 
ning water  over  night,  and  then  hardened  by  passing  through 
alcohols  of  graded  strength.  Tissues  were  embedded  by  the 
chloroform-paraffin  method.  Sections  were  cut  on  the  Minot 
microtome  of  a  thickness  of  from  three  to  six  microns,  and 
were  stained  in  a  variety  of  ways. 

In  certain  experiments  the  immunity  of  the  animal,  result- 
ing from  the  first  inoculation,  was  tested  by  subsequent  skin 
inoculations  with  vaccine  or  variola  virus. 

This  section  is  based  upon  the  study  of  sixty- five  monkeys 
inoculated  on  the  skin  with  variola  virus,  of  which  the  follow- 
ing experiments  are  selected  to  be  given  in  detail: 

/.    Clinical  course  of  disease. 

No.  114.  — Adult  male,  Macacus  cynomologus.  Monkey  was  inocu- 
lated in  twelve  places  on  the  skin  of  the  abdomen  with  virus  No.  167 
(vesicle  contents) .    Body  temperature  37. 6°  C. 

Twenty-four  hours  after  inoculation  the  scratches  show  a  narrow,  dry, 
crust,  about  which  the  skin  is  opaque,  and  slightly  elevated  for  a  distance 
of  one  or  two  millimeters.    Body  temperature  39. 2°  C. 

Forty-eight  hours.  The  skin  for  a  short  distance  about  the  crusts  is 
white,  but  this  area  fades,  without  a  definite  line  of  demarcation,  into  the 
surrounding  normal  skin.    Body  temperature  38.2°  C. 

Three  days.  The  elevated  skin  about  the  crust  is  pink  for  a  distance 
of  two  millimeters.  Axillary  lymph  nodes  slightly  enlarged.  Body  tem- 
perature 390  C. 

Four  days.  The  lesions  present  as  rounded  pink  elevations  with 
fairly  definite  borders,  and  surmounted  by  delicate  yellow  crusts.  The 
lesions  average  seven  millimeters  across.  In  some  there  is  a  narrow 
translucent  zone  immediately  around  the  crust.  Axillary  lymph  nodes 
somewhat  enlarged  and  firm .    Body  temperature  40°  C. 

Five  days.  The  central  crust  is  depressed,  and  is  surrounded  by  a 
definitely  elevated  vesicular  ring,  which  is  bordered  externally  by  a  red 
areola,  fading  outwards  into  normal  skin.  There  is  much  edema  of  the 
subcutaneous  tissue  beneath  the  lesions,  producing  a  broad,  indurated 
base  on  which  the  lesions  are  individually  prominent.  The  lesions 
average  eight  millimeters  in  width.  Axillary  lymph  nodes  distinctly 
enlarged  and  hard.    Body  temperature  41 .5°  C. 

Six  days.  Both  the  crust  and  the  vesicle  have  increased  in  extent. 
The  contour  of  the  lesion  shows  an  abrupt  elevation  in  the  zone  of  the 
areola.  Average  width  ten  millimeters.  A  few  small,  red  papules  are 
noted  on  the  shaved  area  of  the  abdomen  near  the  belt  line.  Axillary 
lymph  nodes  enlarged  and  hard.    Body  temperature  40.80  C. 
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Seven  days.  The  lesion  presents  as  a  flat-topped  elevation  with  a 
central  brown  crust,  and  an  opaque  vesicular  ring.  Average  width  eight 
millimeters.  The  lesions  are  less  prominent  to-day  owing  to  the  subsi- 
dence of  the  subcutaneous  edema.  Two  of  the  papules  noted  near  the 
belt  line  have  increased  somewhat  in  size.  Axillary  lymph  nodes  as 
before.    Body  temperature  400  C. 

Eight  days.  Primary  lesions  are  beginning  to  undergo  involution,  the 
crust  is  spreading  at  the  expense  of  the  vesicular  ring.  Subcutaneous 
edema  has  almost  disappeared.  On  the  face  there  are  a  dozen  or  more 
papules  and  vesicles  from  two  to  four  millimeters  in  diameter.  Similar 
lesions  are  present  on  the  abdomen,  the  scrotum,  the  inner  aspect  of  the 
thighs,  and  on  the  palms.  Axillary  lymph  nodes  as  before.  Body  temper- 
ature 4o°C. 

Nine  days.  The  vesicular  element  in  the  primary  lesions  has  been 
obliterated  by  the  spreading  of  the  central  crust.  The  lesions  of  the 
exanthem  present  as  filled  out  vesicles,  some  of  which  have  opaque  white 
or  yellow  contents,  and  all  are  surrounded  by  a  bright  red  areola.  An 
abundant  eruption  is  noted  on  the  tail  and  the  skin  about  its  base.  Axil- 
lary lymph  nodes  slightly  enlarged  and  hard.    Body  temperature  39.50  C. 

Ten  days.  Many  of  the  primary  lesions  have  been  scratched  and 
present  as  shallow  ulcerations  over  which  the  epithelium  is  spreading  from 
the  edge.  The  lesions  no  longer  present  specific  characters.  The  lesions 
of  the  exanthem  are  dry  and  crusted.  The  eruption  is  noted  to-day  on 
the  soles  and  on  the  dorsal  aspect  of  several  of  the  fingers  and  toes. 
Axillary  lymph  nodes  of  almost  normal  size  but  still  firmer  than  normally. 
Body  temperature  38.5°C. 

From  this  time  on  the  specific  lesions  healed  without  complications. 
Material  was  collected  at  intervals  for  the  histological  study  of  the  primary 
lesions. 

No.  115.  —  Half  grown  male,  Macacus  cynomologus.  Inoculated  in 
twelve  places  on  the  abdomen  with  virus  No.  167  (vesicle  contents). 
Body  temperature  380  C. 

Eighteen  hours  after  the  inoculation  a  narrow  brown  crust  surrounded 
by  a  sharply  circumscribed,  elevated,  opaque  white  area,  five  millimeters 
across,  marks  the  site  of  the  inoculation.    Body  temperature  39. 4°  C. 

Forty-eight  hours.  The  skin  about  the  crust  is  elevated  and  pink  for  a 
distance  of  two  millimeters.    Body  temperature  37. 8°  C. 

Three  days.  The  elevated  area  has  increased  in  extent  and  is  distinctly 
red  in  color.  Axillary  lymph  nodes  slightly  enlarged.  Body  temperature 
38.80  C. 

Four  days.  Immediately  about  the  crust  there  is  a  distinct  translucence 
of  the  skin.  Average  width  of  lesions  seven  millimeters.  Axillary  lymph 
nodes  distinctly  enlarged.    Body  temperature  39.5°  C. 

Five  days.  The  lesion  presents  as  a  rounded  elevation  surmounted  by 
a  narrow  brown  crust  about  which  there  is  a  distinct  vesicular  ring,  trans- 
lucent near  the  crust  and  shading  insensibly  into  a  pink  zone  which  fades 
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out  into  the  surrounding  normal  skin.  Considerable  subcutaneous  edema. 
Average  width  of  lesions  eight  millimeters.  Axillary  lymph  nodes 
distinctly  enlarged  and  hard.    Body  temperature  41  -  5°  C 

Six  to     The  central  crust  is  surrounded  by  a  narrow  opaque  white 
vesicle  on  a  pink  elevation  measuring  from  nine  to  ten  millimeters  across. 
Uillary  lymph  nodes  as  before.    Body  temperature  39.80  C. 

Seven  days.  The  lesions  present  as  flat-topped,  sharply  circumscribed 
elevations  from  nine  to  ten  millimeters  in  diameter.  The  central  crust, 
somewhat  depressed,  is  surrounded  by  an  elevated  ves.cu  ar  ring  which  1. 
opaque  white  in  color.  On  the  upper  lip,  the  abdomen,  the  arm,  and  the 
scrotum  are  seen  small,  red,  papular  elevations.  Axillary  lymph  nodes  as 
before.    Body  temperature  39. 8°  C. 

Eieht  days.  Yellow  turbid  fluid  oozes  from  beneath  the  central  crust. 
The  vesicular  ring  has  been  obliterated  in  places  by  the  spreading  of  the 
crust  The  lesions  of  the  exanthem  are  somewhat  larger  and  vesicular. 
Three  new  lesions  have  appeared  on  the  face  and  one  in  the  groin. 
Lymph  nodes  as  before.    Body  temperature  39.5°  C. 

Nine  days.  The  vesicular  zone  of  the  primary  lesion  has  been 
entirely  obliterated.  The  subcutaneous  edema  has  almost  disappeared. 
To-day  an  exanthem  is  noted  at  the  edge  of  the  nostril  and  in  the  vesti- 
bule The  tail  and  the  skin  at  its  base  present  numerous  small  papules  and 
vesicles,  each  surrounded  by  a  distinct  areola.  Axillary  lymph  nodes 
enlarged  and  hard.    Body  temperature  39.5°  C. 

Ten  days  Primary  lesions  are  healing  and  present  no  specific  charac- 
ters The  lesions  of  the  exanthem  have  dried  and  are  healing.  One 
eruptive  lesion  found  on  the  sole  of  the  foot  and  several  on  the  dorsal 
aspect  of  the  toes.  Axillary  lymph  nodes  of  almost  normal  size  but  still 
firm.    Body  temperature  39.50  C. 

No  „6  —  Young  adult  male,  Macacus  cynomologus.  Inoculated  in 
twelve  places  on  the  skin  of  the  abdomen  with  virus  No.  167  (vesicle  con- 
tents).   Body  temperature  38.5°  C. 

Eighteen  hours  after  the  inoculation  the  skin  about  the  scratch  is 
slightly  elevated  and  opaque  for  a  distance  of  two  millimeters.  Body 
temperature  38. 6°  C. 

Forty-eight  hours.  The  site  of  inoculation  is  marked  by  a  narrow  yel- 
low crust  surrounded  by  a  pink  elevation  three  millimeters  in  width.  Body 

temperature  37. 8°  C. 

Three  days.  The  primary  lesion  as  before,  save  that  the  elevation  is 
more  marked  and  the  color  deeper.  Axillary  lymph  nodes  slightly  en- 
larged.   Body  temperature  400  C. 

Four  days.  The  brown  central  crust  is  seated  upon  a  pink  elevation  six 
to  ten  millimeters  across,  which  fades  out  into  the  normal  skin.  Immedi- 
ately about  the  crust  there  is  a  narrow  zone  of  translucence  suggesting 
vesicle  formation  A  marked  subcutaneous  edema  renders  the  lesions 
prominent.  Axillary  lymph  nodes  enlarged  and  hard.  Body  temperature 
400  C 
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Five  days.  Primary  lesion  as  before,  but  it  has  increased  in  size. 
Axillary  lymph  nodes  markedly  enlarged  and  hard.  Body  temperature 
41°  C. 

Six  days.  The  crust  is  surrounded  by  a  definite  vesicular  ring  which,  in 
turn,  is  surrounded  by  a  dull  pink  areola.  Average  width  of  lesions  nine 
millimeters.    Axillary  lymph  nodes  as  before     Body  temperature  39.5  C. 

Seven  days.  The  primary  lesions  present  as  circumscribed  elevations 
with  a  central,  depressed,  brown  crust,  an  elevated  opaque  white,  vesic- 
ular ring  and  a  bright  red  areola.  Average  width  of  lesions  nine  milli- 
meters. On  the  face,  the  abdomen,  the  scrotum,  the  thighs,  and  the  arms 
are  numerous  small  papules  or  vesicles,  each  surrounded  by  a  red  areola. 
Axillary  lymph  nodes  as  before.    Body  temperature  39. 8°  C. 

Eight  days.  Primary  lesions  no  longer  show  a  vesicle.  Many  of  the 
papules  have  become  vesicles  and  the  vesicles  pustules.  There  is  some 
increase  in  size  of  the  lesions  of  the  exanthem.  Axillary  lymph  nodes  as 
before.    Body  temperature  400  C. 

Nine  days.  Some  subcutaneous  edema  persists  beneath  the  primary 
lesions  which,  however,  have  lost  their  specific  character.  The  exanthem 
is  beginning  to  dry  on  the  face.  Many  papules  and  vesicles,  not  noted 
before,  are  visible  on  the  tail  and  on  the  skin  at  its  base.  Axillary  lymph 
nodes  enlarged  and  hard.    Body  temperature  39.5°  C. 

Ten-  days.  The  primary  lesions  are  healing.  Eruptive  lesions  found 
to-day  on  soles  and  palms.  Axillary  lymph  nodes  still  enlarged  and  hard. 
Body  temperature  39. 6°  C. 

No.  117. — Adult  male,  Macacus  cynomologus.  Inoculated  with  same 
virus  and  in  the  same  way  as  the  preceding  animals.  Body  temperature 
37-8°  C. 

Eighteen  hours  after  inoculation.  A  narrow  yellow  crust  is  seen  upon 
an  opaque,  slightly  elevated  area.    Body  temperature  39. 20  C. 

Forty-eight  hours.  The  elevation  and  opacity  have  extended  somewhat. 
Body  temperature  37. 2°  C. 

Three  days.  The  lesion  presents  as  a  linear  crust  on  a  slightly  ele- 
vated pink  area  four  millimeters  across.  Axillary  lymph  nodes  slightly 
enlarged.    Body  temperature  390  C. 

Four  days.  About  the  crust  is  a  narrow  translucent  zone  which  merges 
with  the  pink  elevation  which,  in  turn,  fades  off  into  the  surrounding  skin. 
Average  width  of  lesions  seven  millimeters.  Axillary  lymph  nodes  dis- 
tinctly enlarged  and  hard.    Body  temperature  39.5°  C. 

Five  days.  A  distinct  but  narrow  vesicle  is  evident  around  the  crust. 
Considerable  edema  beneath  the  lesions.  Areola  well  marked.  Axillary 
lymph  nodes  as  before.    Body  temperature  40. 50  C. 

Six  days.  Certain  of  the  lesions  show  a  typical  development  presenting 
a  crust,  a  definite  vesicle,  and  an  areola,  the  whole  lesion  being  sharply 
elevated  from  the  surrounding  skin.  Other  lesions  show  departure  from 
the  normal  type  in  that  the  vesiculation  is  less  marked  and  the  lesions  are 
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not  as  sharply  circumscribed.    Lymph  nodes  enlarged  and  hard.  Body 

temperature  40. 20  C.  • 

Seven  days.  Some  lesions  typical,  others  show  a  spreading  of  the 
crust  without  macroscopic  evidence  of  vesicle  formation.  Average  width 
of  lesions  nine  millimeters.  On  the  face,  abdomen,  scrotum,  inner  aspect 
of  thighs  axil!*,  and  arms  are  numerous  pink  papular  elevations,  two 
millimeters  in  diameter,  some  of  which  present  translucent  central  points. 
Avillary  lymph  nodes  as  before.    Body  temperature  39.6°  C. 

Ei^ht  days.  Certain  of  the  primary  lesions  show  remnants  of  the 
vesicte  at  the  edge  of  the  spreading  central  crust.  The  lesions  of  the 
exanthem  have  increased  in  size,  and  the  contents  of  many  of  the  vesicles 
has  become  cloudy.  New  eruptive  lesions  are  present  on  the  abdomen. 
Axillary  lymph  nodes  as  before.    Body  temperature  39. 8°  C. 

Nine  days.  The  primary  lesions  show  a  narrow  zone  of  translucent 
epithelium  close  to  the  crust.  This  appearance  suggests  the  beginning  of 
the  healing  of  the  lesion  by  the  ingrowth  of  new  epithelium  rather  than 
vesicle  formation.  Lesions  of  the  exanthem  have  dried  up  with  or  without 
rupturing.  Axillary  lymph  nodes  slightly  enlarged  but  firmer  than  normal. 
Body  temperature  39. 50  C. 

Ten  days.  The  healing  of  the  primary  lesions  is  well  under  way  and 
they  have  lost  all  specific  character.  To-day  an  exanthem  is  noted  in  the 
region  about  the  ischial  tuberosities  and  beneath  the  tail.  Eleven  erup- 
tive lesions  found  in  the  palms  and  soles  and  many  are  also  present  on  the 
fingers  and  toes.  Axillary  Ipmph  nodes  slightly  enlarged  and  hard. 
Body  temperature  390  C.    Specific  lesions  healed  without  complications. 

No.  118.  — Adult  male,  Macacus  cynomologus.  Inoculated  with  the 
same  virus  and  in  the  same  manner  as  the  previous  animals.  Body  tem- 
perature 38. 8°  C. 

Eighteen  hours  after  inoculation.  Some  elevation  and  opacity  is 
evident  about  the  scratch.    Body  temperature  38. 50  C. 

Forty-eight  hours.  Elevation  and  opacity  more  marked.  Body  tem- 
perature 37. 4°  C. 

Three  days.  Lesion  presents  as  a  narrow  yellow  crust  on  a  pink  eleva- 
tion five  millimeters  across.  Axillary  lymph  nodes  slightly  enlarged. 
Body  temperature  390  C. 

Four  days.  A  narrow  zone  of  translucence  is  visible  near  the  central 
crust.  The  lesion  is  roundly  elevated,  of  a  pink  color,  and  merges  with- 
out sharp  line  of  demarcation  with  the  surrounding  skin.  Average  width 
of  lesion  seven  millimeters.  Considerable  subcutaneous  edema.  Axillary 
lymph  nodes  enlarged.    Body  temperature  39. 6°  C. 

Five  days.  A  definite  vesicular  ring  surrounds  the  crust  and  is  sur- 
rounded in  turn  by  a  pink  areola.  The  lesion  is  not  sharply  circumscribed. 
Axillary  lymph  nodes  enlarged  and  hard.    Body  temperature  41. 2°  C. 

Six  days.  The  vesicular  ring  has  become  opaque  and  has  increased  in 
extent.  There  is  some  diversity  in  the  size  of  the  lesions.  Axillary 
lymph  nodes  as  before.    Body  temperature  40. 6°  C. 
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Seven  days.  The  central  crust  is  surrounded'  by  an  elevated  ring  in 
which  evidence  of  vesiculation  can  be  made  out  in  places.  The  edge  of 
the  lesion  is  sharply  circumscribed  and  rises  abruptly  from  the  surround- 
ing skin.  A  definite  pink  areola  is  present.  Average  width  of  lesions 
nine  millimeters.  On  the  face,  inner  aspect  of  arms,  thighs,  and  abdomen 
are  red  papular  elevations  two  millimeters  in  diameter.  Some  of  these 
present  a  minute  translucent  center.  Axillary  lymph  podes  as  before. 
Body  temperature  40. 20  C. 

Eight  days.  Involution  of  primary  lesions  has  begun.  The  vesicular 
ring  has  been  entirely  obliterated  by  the  spreading  of  the  central  crust. 
The  subcutaneous  edema  has  disappeared.  The  lesions  of  the  exanthem 
have  increased  in  size  and  are  definitely  vesicular.  Some  new  papules  are 
present  to-day  upon  the  abdomen  and  face.  Axillary  lymph  nodes  of 
normal  size  but  firmer  than  normal.    Body  temperature  40. 20  C. 

Nine  days.  Primary  lesions  beginning  to  heal.  The  exanthem  is  dry 
and  no  new  lesions  have  appeared.  Axillary  lymph  nodes  as  before. 
Body  temperature  39. 6°  C. 

Ten  days.  Primary  lesions  not  notable.  Eruptive  lesions*  not  noted 
before,  are  present  on  the  palms.  Axillary  lymph  nodes  as  before.  Body 
temperature  390  C. 

No.  170. — Adult  male,  Macacus  cynomologus.  Inoculated  in  six 
places  on  the  skin  of  the  abdomen,  with  a  suspension  of  pulverized  disks 
(virus  No.  167)  in  sterile  salt  solution. 

Three  days.  An  opaque  elevation  three  millimeters  across  is  present  at 
the  site  of  inoculation.    Body  temperature  390  C. 

Five  days.  Lesion  presents  as  a  small  crust  on  a  pink  elevation  five 
millimeters  across.  A  narrow  zone  of  translucence  borders  the  crust. 
Body  temperature  390  C. 

Six  days.  The  central  crust  is  depressed  and  about  it  there  is  irregular 
vesicle  formation.  The  lesions  vary  much  in  size.  Body  temperature 
400  C. 

Seven  days.  Primary  lesions  have  increased  slightly  in  extent.  Con- 
siderable subcutaneous  edema  is  present.    Body  temperature  39. 50  C. 

Eight  days.  Some  of  the  primary  lesions  show  a  distinct  but  irregularly 
developed  vesicular  zone.  Near  anus  is  a  single  vesicle  two  millimeters 
across  surrounded  by  a  red  areola. 

Nine  days.  The  central  crust  has  encroached  upon  and  partly  obliter- 
ated the  vesicular  zone.  Single  small  vesicles  are  present  on  the  arm,  the 
thigh,  beneath  the  tail,  and  on  the  ankle. 

Ten  days.    Primary  lesions  healing.    No  new  exanthem. 

No.  171.  —  Inoculated  with  the  same  virus  and  in  the  same  manner  as 
the  preceding  monkey. 

The  evolution  of  the  primary  lesion  was  delayed  and  the  vesiculation 
irregular  as  in  the  previous  experiment.  No  general  exanthem  was 
observed.    The  temperature  reaction  was  indefinite. 
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No.  164.  — Half  grown  male,  Macacus  cynomologus.  Inoculated  in  six 
places  on  the  skin  of  the  abdomen  with  a  suspension  of  pustule  contents 
(virus  No.  167)  dried  with  lycopodium  powder  in  sterile  salt  solution. 

Twenty-four  hours  after  inoculation  there  is  slight  elevation  and  opacity 
about  the  scratches. 

Subsequent  to  this  for  a  period  of  five  days  after  the  inoculation  there 
was  no  evidence  of  a  process. 

Six  days.  Lesions  present  a  narrow  crust  on  a  pink  elevation.  The 
appearance  is  the  same  as  that  seen  on  the  third  day  after  an  inoculation 
with  fresh  vesicle  contents. 

Seven  days.  The  lesion  has  increased  somewhat  in  extent  and  is 
sharply  circumscribed. 

Eight  days.    An  irregular  vesicular  zone  is  developed  about  the  crust. 

Ten  days.  Vesiculation  no  longer  apparent.  But  slight  induration  can 
be  made  out  in  the  lesion.  No  general  exanthem  was  observed  either 
before  or  after  this  date.  The  animal  was  subsequently  inoculated  with 
vaccine  virus  No.  t,  but'failed  to  react. 


No.  194.  —  Young  male,  Macacus  nemistrimus.  Inoculated  in  twelve 
places  on  the  skin  of  the  abdomen  with  virus  No.  199.  Body  temperature 
38.8°  C. 

Twenty-four  hours  after  inoculation  there  is  slight  elevation  and  opacity 
about  the  scratch.    Body  temperature  37. 8°  C. 

Forty-eight  hours.  Marked  elevation  and  opacity  around  the  linear 
crust.    Body  temperature  39. i°  C. 

Three  days.  There  is  marked  subcutaneous  edema  beneath  the  lesion. 
The  elevation  about  the  crust  is  distinctly  pink  in  color.  Body  tempera- 
ture 38. 90  C. 

Four  days.  The  lesion  consists  of  a  rounded  pink  elevation  five 
millimeters  across  surmounted  by  a  crust  about  which  is  a  narrow  zone  of 
translucence,  the  whole  lesion  being  underlaid  by  a  broad  indurated  area 
of  subcutaneous  edema.    Body  temperature  39. 30  C. 

Five  days.  An  irregular  development  of  the  vesicular  ring  is  apparent 
:n  certain  of  the  lesions.    Body  temperature  39  5°  C. 

Six  days.  Many  of  the  primary  lesions  have  been  scratched  by  the 
animal  and  present  as  excoriated  areas  surrounded  by  a  red  elevation  and 
seated  upon  a  broad  indurated  base.    Body  temperature  39. 6°  C. 

Seven  days.  Primary  lesions  as  before.  A  profuse  exanthem  consist- 
ing in  small  red  papules  and  vesicles  is  present  upon  the  face,  trunk,  and 
extremities.    Body  temperature  38 .7°  C. 

Eight  days.  The  primary  lesions  have  crusted,  and  in  places  there  is 
slight  vesicle  formation.  Several  new  papules  and  vesicles  are  present  on 
the  face  and  thighs.  One  small  vesicle  is  visible  on  the  hard  palate.  Body 
temperature  380  C. 

Animal  killed  and  autopsy  done  at  once.  Material  saved  for  histologi- 
cal examination  of  specific  lesions  and  of  the  viscera.    Axillary  lymph 
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nodes  enlarged  and  red.    On  section  much  blood  stained  fluid  exudes 
from  the  cut  surface. 

//.    Histological  examination. 

The  primary  lesion  eighteen  hours  after  inoculation.  Microscopic 
examination  of  sections  from  the  site  of  the  inoculation  shows  a  solution 
of  continuity  which  involves  the  epithelium  and  may  or  may  not  extend 
into  the  corium  beneath.  The  defect  is  filled  by  an  exudate  composed  of 
polynuclear  leucocytes  which  lie  in  a  meshwork  of  fibrin.  On  the  surface 
the  elements  of  this  exudate  are  fused  into  a  crust.  On  either  side  of  the 
defect  the  epithelial  cells  of  the  rete  are  more  or  less  swollen  and  some 
present  clear  circular  areas  in  their  protoplasm,  suggesting  hydropic  degen- 
eration. The  nuclei  of  these  cells  are  swollen  and  the  chromatin  tends  to 
collect  in  masses.  Polynuclear  leucocytes  are  present  in  considerable 
numbers  in  and  around  the  vessels  of  the  corium  and  in  the  connective 
tissue  beneath  the  defect.  The  leucocytes  are  streaming  into  the  defect 
and  into  the  adjacent  epithelium. 

Forty-eight  hours.  The  sections  present  the  same  general  characters 
as  those  from  the  earlier  lesions.  .  The  defect  in  the  epithelium  is  some- 
times obliterated,  in  such  wise  that  a  layer  of  epithelium  is  interposed 
between  the  exudate  collected  beneath  the  crust  and  the  injury  to  the 
corium.  The  polynuclear  leucocyte  infiltration  is  more  intense.  The 
epithelial  cells  of  the  lower  layers  of  the  epidermis  about  the  line  of  inocu- 
lation show  more  marked  degeneration,  and  the  cells  are  frequently  sepa- 
rated one  from  another  by  fluid. 

Three  days.  The  crust  has  increased  in  thickness  and,  with  the 
destruction  of  the  epithelial  cells  in  the  central  line  of  the  lesion,  may 
fuse  with  the  corium.  The  epithelial  cells  of  the  lower  layers  adjacent  to 
the  crust  show  various  forms  of  degeneration.  Some  present  ballooning 
degeneration,  and  the  accumulation  of  fluid  between  the  cells  is  more 
evident  than  in  the  earlier  lesions.  In  places  vesicle  formation  is  fore- 
shadowed by  the  appearance  of  small,  irregular  cavities  formed  either  by 
the  accumulation  of  fluid  between  the  cells  or  by  the  bursting  of  hydropic 
cells.  The  corium  is  the  site  of  a  definite  reaction  shown  by  an  enlarge- 
ment of  the  endothelial  cells  of  the  blood  and  lymph  vessels.  These 
enlarged  endothelial  cells  may  contain  Cytoryctes.  There  is  a  marked 
polynuclear  leucocyte  infiltration  of  the  corium  and  the  epithelium  about 
the  crust.  In  some  cases  a  mass  of  leucocytes,  with  granular  precipitate 
and  fibrin,  is  found  in  the  corium  just  beneath  the  center  of  the  lesion. 
The  cellular  sheaths  of  the  hair  follicles  show  changes  similar  to  those 
seen  in  the  cells  about  the  crust,  and  an  abundant  polymorphonuclear 
infiltration  is  present.  Some  lesions  of  this  age  show  definite  vesicle 
formation  such  as  will  be  described  later. 

Four  days.  Lesions  of  this  age  may  present  vesicular  cavities  under  the 
lateral  expansions  of  the  crust.  In  some  lesions  the  whole  crust  is  elevated 
and  the  lateral  vesicles  communicate  with  one  another.    The  epithelium 
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at  the  sides  of  the  lesion  and  below  the  lateral  portions  of  the  vesicle  is 
more  or  less  swollen  and  show  various  degenerations,  the  most  marked 
forms  of  which  are  found  in  those  cells  nearest  the  center  of  the  lesion. 
The  epithelium  is  completely  destroyed  in  the  axis  of  the  lesion.  The 
corium  beneath  shows  proliferation  of  the  endothelial  cells  of  the  blood 
vessels  and  of  the  lymphatics,  together  with  an  enlargement  of  the  con- 
nective tissue  cells.  A  polymorphonuclear  leucocyte  infiltration  is  ap-  ' 
parent  in  the  corium  and  in  the  thickened  epithelium  about  the  vesicle. 
In  some  lesions  the  contents  of  the  vesicle  shows  a  predominance  of  poly- 
morphonuclear leucocytes  under  the  crust,  while  the  outer  portions  are  all 
but  free  from  these  cells,  containing  only  granular  precipitate  and  fibrin. 

Five  days.    The  topography  of  the  lesion  at  this  stage  shows  consider- 
able variation  due  to  differences  in  the  extent  of  the  vesicle  formation. 
The  typical  picture  is  similar  to  that  in  the  four-day  lesion  with  some 
increase  in  the  extent  of  the  vesicle,  and  in  a  more  marked  reaction  in  the 
corium  beneath  the'lesion.    The  polynuclear  leucocyte  infiltration  of  the 
corium  is  less  intense,  but  the  vesicle  cavity  shows  a  more  even  distribu- 
tion of  the  pus  cells.    The  reaction  of  the  corium  is  more  marked,  being 
shown  by  the  presence  of  edema,  necrosis,  and  an  increase  in  the  cellular 
content  of  the  tissue.    Aside  from  the  polynuclear  leucocyte  the  dominant 
element  is  a  large  cell  with  a  vesicular  nucleus  surrounded  by  an  abundant 
reticular  protoplasm.    These  cells  show  a  great  variation  in  form,  some 
being  rounded,  others  irregular,  the  outline  seemingly  being  conditioned 
by  the  space  in  which  the  cell  lies.    Many  of  these  cells  are  found  just 
outside  of  the  capillaries  and  in  the  lymph  spaces  of  the  tissue,  and  by 
comparison  of  their  morphology  and  staining  reaction  with  that  of  the 
swollen  endothelial  cells,  in  situ  in  the  capillaries  and  in  the  lymph  spaces, 
it  seems  certain  that  they  are  identical  with  them.    Many  of  these  cells 
are  phagocytic  and  in  some  mitosis  is  seen.    In  certain  of  these  cells  early 
stages  of  the  cytoplasmic  phases  of  Cytoryctes  variolas  are  present.  In 
addition  to  these  endothelial  cells,  which  have  often  wandered  for  some 
distance  from  their  place  of  origin,  a  certain  number  of  elements  are  found 
of  the  lymphoid  and  plasmic  cell  series.    The  connective  tissue  cells  all 
through  the  corium  about  the  lesion  are  swollen,  and  in  some  mitosis  is  in 
progress.    The  nerve  bundles  are  frequently  invaded  by  polymorphonu- 
clear leucocytes.    The  cellular  reaction  of  the  corium  is  shared  by  the 
adjacent  subcutaneous  tissue,  and  extends  for  a  considerable  distance  from 
the  line  of  inoculation.    Necrosis  is  seen  in  the  tissue  beneath  the  center 
of  the  lesion,  the  cells  losing  their  basic  affinity  and  undergoing  more  or 
less  fragmentation  or  solution.    Many  deeply  stained  spherules  of  various 
sizes  are  scattered  through  the  necrotic  tissue,  evidently  the  nuclear  frag- 
ments of  polynuclear  leucocytes. 

Six  days.  The  general  relations  of  the  vesicle  cavities  and  the  crust 
remain  as  before,  although  the  outer  limits  of  the  vesicle  often  extend 
beyond  the  limits  of  the  crust,  being  roofed  by  a  layer  of  cornified  epithe- 
lium which  sweeps  downward  to  form  a  part  of  the  lateral  wall  of  the 
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cavity.    In  some  instances  the  beginning  of  vesicle  formation,  shown  by 
collection  of  fluid  between  the  cells,  is  apparent  a  short  distance  beyond 
the  outer  limits  of  the  main  vesicle.    A  similar  condition  is  met  with  in 
the  depths  of  the  cellular  sheaths  of  the  hair  follicles.    The  fusion  of  the 
middle  portion  of  the  crust  with  the  underlying  corium  is  often  apparent, 
although  in  many  places  a  collection  of  leucocytes  is  present  here  which  is 
continuous  with  the  lateral  vesicles  and  with  the  purulent  focus  which 
forms  in  the  corium  along  the  line  of  inoculation.    In  such  a  lesion  a 
roughly  T-shaped  cavity  can  be  made  out,  the  verticle  portion  being 
filled  with  leucocytes  and  extending  from  the  crust  for  a  variable  distance 
into  the  corium,  while  the  cross  arm  has  for  its  extremities  the  vesicular 
cavities  which  extend  laterally  under  the  crust.    The  verticle  portion  of 
this  T  can  often  be  traced  to  the  focus  of  necrosis  which  lies  in  the  lower 
layers  of  the  corium  and  the  upper  portion  of  the  subcutaneous  tissue. 
The  reaction  of  the  corium  is  very  marked  at  this  stage.    Study  of  the 
outer  limits  of  the  necrotic  area  shows  that  the  large  cells,  which  we 
believe  to  be  endothelial  in  origin,  seem  to  be  resistant  to  the  agent  which 
is  causing  the  necrosis.    The  large  cells  are  frequently  to  be  seen  in  an 
apparently  normal  condition  in  an  area  where  all  other  cellular  elements 
have  been  destroyed.    It  is  hard  to  determine  whether  this  apparent 
immunity  from  destruction  is  due  to  qualities  of  the  cell,  or  whether  it  is 
because  the  cells  have  migrated  into  the  necrotic  area.    In  one  instance 
a  small  capillary  was  found  in  the  corium  near  the  necrotic  area  lined  by 
swollen  endothelial  cells,  many  of  which  were  infected  with  early  stages  of 
the  cytoplasmic  phases  of  Cytoryctes  variolae. 

Seven  days.  The  lesions  of  this  age  and  those  collected  later  show  a 
progressive  healing  of  the  process.  The  vesicle  soon  disappears  and  the 
polynuclear  leucocyte  infiltration  of  the  whole  field  becomes  less  intense 
and  eosinophiles  appear.  The  epithelium  grows  inward  under  the  crust 
and  is  joined  by  that  which  comes  from  the  proliferation  of  cells  of  the 
hair  sheaths.  The  blood  vessels  of  the  corium  send  out  prolongations  and 
the  usual  phenomena  of  repair  dominate  the  picture. 

The  exanthem.  Sections  of  lesions  collected  on  the  first  day  of  the  ap- 
pearance of  the  exanthem  show  a  vesicular  cavity  of  variable  size  in  the 
epidermis.  This  cavity  is  roofed  by  a  layer  of  cornified  epithelium,  and 
laterally  and  below  is  surrounded  by  thickened  epithelium.  The  cells 
adjacent  to  the  cavity  show  varying  degrees  of  degeneration.  In  every 
case  the  layer  of  the  rete  which  forms  the  floor  of  the  vesicle  is  wanting  at 
one  or  more  points,  so  that  the  cavity  in  the  epidermis  is  in  communication 
with  the  corium.  The  blood  vessels  and  the  lymphatics  of  the  corium 
beneath  the  lesion  present  marked  changes.  These  are  in  part  due  to  the 
migration  of  polynuclear  leucocytes  which  is  going  on  from  the  vessels  into 
the  corium,  the  vesicle,  and  the  epithelium  about  it.  Besides  this  purely 
exudative  phenomenon  the  endothelial  cells  of  the  capillaries  and  of  the 
lymphatics  show  marked  swelling  and  some  proliferation.  The  normal 
relationships  of  structure  in  the  corium  are  much  disturbed  by  this  combi- 
nation of  exudation,  proliferation,  and  swelling.    A  careful  search  of  such 
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areas  failed  to  show  any  Cytoryctes,  although  they  were  numerous  in  the 
cells  of  the  rete  which  formed  the  floor  of  the  vesicle. 

Sections  from  the  exantliem  collected  later  in  the  evolution  of  the  lesion 
show  an  increase  in  the  size  of  the  vesicular  cavity,  but  no  other  characters 
than  those  found  in  the  early  lesions. 

The  study  of  sections  from  the  primary  lesions  and  of  the  exanthem  in 
M.  nemestrinus  show  variations  in  degree,  but  not  in  kind  from  the  picture 
seen  in  the  corresponding  lesions  in  the  Philippine  monkey.  The  reaction 
in  the  subcutaneous  tissue  and  in  the  corium  is  more  marked,  and  edema 
plays  a  more  important  r61e.  The  vesicle  is  not  so  well  developed,  but  is 
similar  in  all  fundamental  characteristics  to  that  in  M.  cynomologus. 

Axillary  lymph  nodes.  The  sinuses  are  dilated,  sometimes  to  a  high 
degree.  The  cell  content  of  the  sinuses  shows  various  deviations  from  the 
normal.  The  most  prominent  character  is  an  increase  in  the  number  of 
endothelial  cells.  These  cells  increase  greatly  in  size,  become  free  in  the 
sinuses,  and  show  marked  phagocytic  properties.  In  the  nodes  from 
monkeys  killed  on  the  sixth  and  eighth  day  of  the  disease,  the  included 
cells  are  in  part  red  blood  corpuscles  and  in  part  polynuclear  leucocytes. 
Later  the  polynuclear  leucocytes  are  the  common  inclusion,  though  lym- 
phoid and  other  cells  may  occasionally  be  found  within  the  phagocytes. 
Besides  the  endothelial  phagocytic  cells,  red  blood  corpuscles  and  poly- 
morphonuclear leucocytes  are  found  in  considerable  numbers  free  in  the 
sinuses.  The  latter  cells  predominate  in  the  nodes  from  animals  killed  on 
the  ninth  day  of  the  disease  and  later.  Eosinophile  cells  are  frequently 
encountered,  but  do  not  as  a  rule  occur  in  such  numbers  as  do  the  poly- 
morphonuclear leucocytes. 

The  follicles  show  many  phagocytic  endothelial  cells,  singly  or  in  small 
groups,  scattered  through  their  substance.  In  nodes  from  animals  killed 
on  the  eighth  day  of  the  disease,  small  areas  of  hemorrhage  were  fre- 
quently found.  In  these  areas  red  blood  corpuscles  were  present  in  the 
follicular  tissue  about  a  small  capillary,  many  of  them  having  been  taken 
up  by  phagocytes.  In  nodes  collected  later  in  the  disease,  large  phago- 
cytic endothelial  cells  were  demonstrable  whose  whole  cell  body  was 
crowded  with  red  blood  corpuscles  in  various  stages  of  dissolution.  In 
one  node,  collected  on  the  eighth  day  of  the  disease,  masses  of  eosinophile 
leucocytes  were  present  in  the  follicles  and  in  the  sinuses.  These  cells 
differed  from  the  usual  eosinophile  cells  in  that  the  granules  were  elongated. 
Eosinophile  cells  having  round  or  slightly  oval  granules  were  also  present. 
The  cells  with  the  long  granules  differed  from  the  usual  eosinophile  cells 
in  having  a  more  distinct  cell  membrane  than  the  regular  type  of  eosino- 
phile. In  this  respect  they  conformed  more  closely  to  the  type  of  the 
polymorphonuclear  leucocyte. 

Bone  marrow  and  testicle.  As  these  organs  present  the  only  specific 
visceral  lesions  of  smallpox  in  man,  they  were  scrutinized  with  care  in  our 
variolated  monkeys.  No  macroscopic  evidence  of  focal  lesions  in  these 
organs  were  seen  at  autopsy,  and  the  bone  marrow  from  four  cases  and 
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the  testicle  from  twelve  were  negative  in  this  respect  when  studied  micro- 
scopically. 

Liver,  spleen,  kidney,  and  lung.    No  pathological  process  was  demon- 
strable either  macroscopically  or  microscopically  in  these  organs. 

SUMMARY. 

I.  The  macroscopic  appearance  of  the  primary  lesion  in 
Macacus  cynomologus.  —  Twenty-four  hours  after  inoculation 
there  is  some  elevation  and  some  opacity  of  the  skin  about 
the  scratch.  The  process  has  rarely  a  lateral  extent  of  more 
than  two  millimeters. 

After  forty-eight  hours  the  appearance  is  usually  the  same. 

After  three  days  the  elevation  is  more  marked  and  the 
opacity  gives  place  to  a  pink  or  red  appearance.  So  far  as 
can  be  discovered  by  the  naked  eye  the  specific  process  may 
now  be  said  to  have  begun.  Previous  to  this  the  reaction 
has  been  in  no  way  different  from  that  which  follows  a  simple 
scratch,  without  the  introduction  of  virus. 

After  four  days  the  lesion  usually  attains  a  breadth  of  six 
or  seven  millimeters  and  presents  as  a  distinctly  pink  or  red 
elevation  which  is  firm  to  the  touch,  and  bears  on  its  summit 
a  narrow  crust  which  has  its  origin  in  the  drying  of  the 
serum  exuding  at  the  time  of  inoculation.  The  crust  has, 
however,  somewhat  increased  in  extent.  At  this  time  the 
skin  about  the  crust  is  more  or  less  translucent.  It  is  often 
impossible  to  say  whether  or  not  this  translucence  is,  at  this 
time,  the  site  of  a  definite  vesicle. 

After  five  days  the  lesions  show  the  characteristics  of  a 
pock,  being  resolvable  into  rather  distinct  zones  which  cor- 
respond with  those  that  are  distinguishable  in  the  micro- 
scopic sections.  Going  from  the  center  of  the  lesion  towards 
the  periphery  we  recognize  in  turn  first  a  crust,  second  a 
vesicular  ring,  third  a  zone  of  elevation  and  hyperemia.  The 
lesion  now  has  a  lateral  extent  of  from  six  to  eight  milli- 
meters. The  whole  lesion  is  more  or  less  elevated  upon  a 
broad  indurated  base  due  to  edema  of  the  skin  and  subcu- 
taneous tissues. 

After  six  days  the  picture  is  the  same,  save  that  each  of 
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the  zones  has  extended  peripherally.  At  about  this  time 
the  profile  of  the  lesion  undergoes  a  change  in  that  it  loses 
its  flowing  outline,  as  a  more  or  less  hemispherical  elevation, 
and  takes  on  a  flat-topped  plateau-like  appearance.  In 
going  from  the  center  outwards  we  pass  along  the  fairly  flat 
crust,  then  over  the  vesicular  ring,  which  attains  a  greater 
elevation  than  the  crust,  forming  a  rampart,  and  then  come 
to  an  abrupt  declivity  where  the  zone  of  hyperemia  or 
areola  extends  into  normal  skin. 

After  seven  days  the  crust  and  the  vesicular  ring  will  be 
seen  to  have  extended  somewhat,  but  the  former  has 
encroached  more  or  less  upon  the  area  occupied  by  the 
latter.    The  subcutaneous  edema  is  less  marked. 

After  eight  days  the  lateral  excursion  of  the  lesion  has 
definitely  ceased  and  involution  begins.    This  process  of 
involution  is  evidenced  by  the  spreading  of  the  crust  so  that 
it  comes  to  occupy  all  the  territory  held  by  the  vesicular 
ring.    At  the  same  time  the  zone  of  hyperemia  fades,  the 
subcutaneous  edema  disappears,  and  the  lesions  come  to  con- 
sist of  a  crust  of  variable  thickness  beneath  which  the  normal 
epithelium  is  slowly  spreading.    If  a  few  days  later  the  crust 
be  forcibly  removed  either  a  small  pocket  of  pus  or  a  tough 
mass  adherent  to  the  crust  will  be  found  beneath,  bordered 
by  pink,  new-formed  epithelium  which  is  growing  in  from 
the  periphery.    In  some  lesions  the  microscopic  characters 
of  the  process  are  reflected  in  the  naked  eye  appearances  to 
a  greater  extent  than  in  others.    Thus  in  the  vesicular  ring 
two  zones  can,  at  times,  be  made  out,  an  inner  opaque  zone 
and  an  outer  translucent  one.    This  agrees  with  the  micro- 
scopic findings  in  some  lesions  where  the  leucocytes  are  seen 
beneath  and  to  one  side  of  the  crust,  while  there  is  only  clear 
serum  in  the  peripheral  part  of  the  vesicle. 

Departures  from  the  type  lesion  were  seen  in  certain  of 
our  animals.  In  some  cases  the  vesicle  ring  does  not  form 
completely  around  the  crust,  so  that  at  the  height  of  the 
process  the  crust  may  be  bordered  in  part  by  elevated  and 
hyperemic  skin.  In  other  lesions  a  vesicle  may  not  at  any 
time  become  recognizable  to  the  naked  eye.    A  variation 
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which  is  not  uncommon  is  for  the  lesion  to  undergo  typical 
evolution  but  for  the  different  phases  to  be  more  or  less 
delayed  or  accelerated.  For  example,  a  vesicular  ring  may 
be  made  out  after  three  days  or  it  may  not  be  evident  until 
after  six  days.  In  some  lesions  the  process  appears  to  start 
from  a  number  of  separate  points  instead  of  spreading  sym- 
metrically from  the  scratch. 

The  typical  process  is  modified  considerably  by  the  char- 
acter of  the  skin  at  the  site  of  inoculation.  Thus  on  the 
thick  and  hairy  skin  of  the  back  the  several  zones  of  the 
lesion,  which  are  clear  enough  in  an  inoculation  on  the  abdo- 
men, are  not  distinguishable.  The  same  phenomenon  is  seen 
when  the  skin  of  the  tail  is  inoculated. 

2.  The  occurrence  and  macroscopic  appearance  of  the 
exanthem.  —  In  sixty-five  monkeys  inoculated  on  the  skin 
of  the  abdomen  with  variola  virus,  in  one  form  or  another,  a 
general  exanthem  was  noted  in  fifty  (seventy-seven  per  cent). 
In  the  animals  in  which  vesicle  contents  was  used  for  inocu- 
lation the  exanthem  occurred  in  thirty-two  out  of  forty 
(eighty  per  cent).  The  exanthem  was  first  noted  on  the 
seventh  day  of  the  disease  in  seven  animals,  on  the  eighth 
day  in  twenty-six,  on  the  ninth  day  in  fourteen,  and  on  the 
tenth  day  in  three.  When  vesicle  contents  was  used  for  the 
inoculation,  the  exanthem  was  first  noted  on  the  seventh  day 
of  the  disease  five  times,  on  the  eighth  day  eighteen  times, 
on  the  ninth  day  eight  times,  and  on  the  tenth  day  once. 

The  extent  of  the  exanthem  varied  greatly.  In  some 
animals  only  one  typical  lesion  was  present,  while  in  others 
over  a  hundred  were  found. 

The  distribution  of  the  exanthem  showed  a  partiality  for 
certain  regions.  The  face  was  most  often  the  site  of  an 
eruption.  Elsewhere,  roughly  in  the  order  of  frequency,  it 
was  present  upon  the  wrists ;  the  scrotum  of  the  male ;  the 
region  about  the  anus  and  base  of  the  tail ;  on  the  palms  of 
the  hands  and  the  soles  of  the  feet;  on  the  inner  aspect  of 
the  arms  and  thighs.  The  eruption  seemed  to  avoid  the 
trunk  and  the  outer  hairy  surfaces  of  the  limbs. 

The  evolution  of  the  exanthem  was  rather  constant.  The 
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first  appearance  of  the  eruption  was  as  minute  pink  papules, 
rarely  exceeding  one  millimeter  in  diameter.  On  the  next 
day  this  papule  was  larger,  often  measuring  two  millimeters 
in  diameter  and  showing  a  vesicular  structure.  In  the 
majority  of  cases  the  fluid  contents  of  the  lesion  became 
cloudy  on  the  next  day,  and  the  lesion  was  completely  dried 
in  another  twenty-four  hours.  The  exanthem,  therefore,  has 
its  complete  evolution  in  about  four  days.  In  some  animals 
the  lesions  pass  through  a  longer  period  of  development. 
In  such  lesions  the  papular,  vesicular,  and  pustular  stages 
should  be  recognized  with  as  much  certainty  as  in  the  pri- 
mary lesions,  or  as  in  the  eruptive  lesions  of  variola  vera  of 
man.  The  phenomena  was  noted  of  the  lesions  appearing 
first  on  the  face  and  later  on  other  parts  of  the  body,  and  of 
their  drying  up  in  the  order  of  their  appearance. 

3.  The  constitutional  reaction,  aside  from  the  tempera- 
ture, which  might  be  taken  as  an  indicator  of  the  general 
reaction  of  the  inoculated  animal,  showed  little  of  a  definite 
nature.  At  a  time  when  the  primary  lesion  is  in  its  active 
stage,  about  the  sixth  to  the  eighth  day  of  the  disease,  the 
animal  sometimes  shows  some  degree  of  anexoria  and  a 
tendency  to  droop,  but  at  no  time  does  it  present  such  a 
constitutional  reaction  as  is  seen  in  the  case  of  variola  vera, 
of  even  moderate  severity,  in  man. 

The  temperature  reaction  in  variola  inoculata  in  the 
monkey,  unlike  its  companion  disease  vaccinia,  presents  a 
very  definite  curve.  A  comparison  of  the  temperature  charts 
of  twenty  animals,  inoculated  on  the  skin  of  the  abdomen 
with  vesicle  contents,  shows  a  marked  rise  in  the  body  tem- 
perature on  the  sixth  day  of  the  disease  in  fourteen,  on  the 
seventh  day  of  the  disease  in  two,  and  was  indefinite  in  four. 
In  only  three  of  the  animals  was  there  no  distinct  elevation. 
This  onset  temperature  may  reach  410  C.  In  most  cases 
the  fever  declines  by  lysis.  The  temperature  reaction  pre- 
cedes the  appearance  of  the  exanthem  by  twenty-four  to 
forty-eight  hours. 

4.  The  lymph  nodes,  which  are  interposed  between  the 
area  of  skin  on  which  the  primary  lesion  develops  and  the 
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main  lymph  trunks,  show  a  definite  reaction.  On  the  fourth 
or  fifth  day  of  the  disease  they  are  increased  in  size.  This 
tumefaction  increases  and  may  result  in  an  enlargement  of 
the  individual  nodes  in  the  axilla,  when  the  inoculation  is  on 
the  abdomen,  to  a  diameter  of  one  centimeter  or  more.  At 
the  time  of  the  greatest  swelling  the  nodes  are  markedly 
tender.  After  the  ninth  or  tenth  day  the  nodes  become 
smaller,  but  remain  for  a  considerable  time  firmer  than 
normally. 

5.  The  viscera  of  the  animals  killed  during  the  disease 
showed  no  macroscopic  lesions.  Particular  attention  was 
paid  to  the  bone  marrow  and  testes,  as  these  organs  are  the 
site  of  the  only  specific  visceral  lesion  in  variola  vera  in  man. 

Inoculations  of  the  skin  with  variola  disks. — The  inocula- 
tions in  this  series  of  animals  resulted  in  a  primary  lesion 
which  conformed  to  the  type  described  above,  save  that  the 
whole  process  was  retarded  in  its  evolution.  The  occurrence 
of  the  exanthem  is,  however,  in  sharp  contrast  to  that  on  the 
animals  inoculated  with  the  contents  of  the  variola  vesicle. 
The  exanthem  occurred  in  only  three  of  the  five  animals, 
appearing  in  one  on  the  eighth  day,  in  the  other  two  on  the 
ninth  day  of  the  disease.  In  these  three  animals  a  total  of 
only  seven  eruptive  lesions  were  found.  The  exanthem 
passed  through  its  evolution  rapidly,  and  the  individual 
lesions  were  small.  The  temperature  reaction  was  like  that 
in  the  preceding  experiments  in  three  of  the  animals,  while 
in  two  it  was  indefinite.  In  other  respects  the  results  were 
similar  to  those  in  which  the  contents  of  the  variola  vesicle 
was  used  for  inoculation. 

Inoculation  of  the  skin  with  dried  pustule  contents.  —  In 
both  animals  of  this  series  the  primary  lesion  was  typical  in 
its  development,  but  somewhat  delayed  in  its  evolution.  No 
exanthem  was  observed.  The  temperature  reaction  was  the 
same  as  in  the  animals  inoculated  with  the  contents  of  the 
variola  vesicle. 
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Inoculation  of  Macacus  nemestrinus.  —  In  this  monkey 
there  is  considerable  variation  from  the  type  of  the  disease 
seen  in  Macacus  cynomologus.  This  difference  is  shown 
principally  in  the  evolution  of  the  primary  lesion.  In  this 
species  the  vesiculation  of  the  lesion  is  much  less  definite, 
and  there  is  an  exaggeration  of  the  edema  beneath  the 
lesion.  The  exanthem  differed  in  no  way  from  that  observed 
in  the  Philippine  monkey.  The  temperature  reaction  was 
less  definite.  In  other  respects  the  /results  of  the  inoculations 
were  similar. 

Histological  examination  of  the  primary  lesions.  —  The 
evolution  of  the  lesion  at  the  site  of  inoculation  is  character- 
ized by  a  combination  of  degenerative,  exudative,  and  repar- 
ative processes.  Some  one  of  these  phenomena  dominates 
the  picture  at  different  stages  of  the  lesion,  and  in  these 
phenomena  various  cell  types  figure. 

The  earlier  lesions,  collected  during  the  first,  second,  and 
third  days  of  the  disease,  present  primarily  the  process  of 
repair  of  a  simple  wound  of  the  skin,  but  to  this  is  added  a 
change  in  the  epithelial  cells  which  border  the  incision.  In 
these  cells  some  degree  of  swelling  and  of  degeneration  is 
evident,  although  the  usual  reparative  power  of  the  rete  is 
retained  in  sufficient  degree  to  bridge  the  defect  caused  by 
the  inoculation  during  the  third  day  of  the  experiment.  The 
cytoplasmic  phases  of  Cytoryctes  variolse  are  found  in  the 
cells  of  the  rete  during  these  early  stages  of  the  lesion. 

From  the  third  day  of  the  disease  onward  the  picture 
becomes  more  complicated.  The  degeneration  of  the  epi- 
thelial cells  is  quite  extensive  and  is  evident  for  some  distance 
from  the  line  of  inoculation.  This  degeneration  is  preceded 
by  more  or  less  swelling  of  the  individual  cells  and  some, 
though  not  wide  spread,  proliferation.  The  thickening  of 
the  epidermis  about  the  inoculation  is  due  in  the  main  to 
the  former  process.  Concomitant  with  the  appearance  of 
these  phenomena  we  find  fluid  collected  between  the  epithe- 
lial cells  which  finally  leads  to  the  formation  of  definite 
cavities,  the  vesicular  space  being  partly  contributed  to  by 
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the  solution  of  the  swollen  and  degenerated  epithelial  cells. 
The  polymorphonuclear  leucocytes  pass  into  the  fluid  of  this 
vesicle,  and  their  increasing  numbers  finally  give  to  the  lesion 
the  macroscopic  character  which  we  designate  as  a  pustule. 
While  this  vesiculation  has  been  in  progress  the  crust,  which 
originated  in  the  inspissated  exudate  in  the  inoculation  scratch, 
increases  in  extent  and  in  thickness.  The  degeneration  of 
the  epithelial  cells  about  the  lesion  is  most  marked  where 
they  form  the  floor  of  the  vesicle,  and  becomes  less  and  less  as 
we  pass  to  the  peripheral  portions  of  the  lesion.  Similar 
cell  changes  are  found  in  the  sheaths  of  the  hair  follicles  close 
to  the  lesion. 

While  the  vesicle  has  been  forming  in  the  epidermis  a 
reaction  in  the  corium  has  become  manifest.  The  first 
change,  besides  the  collection  of  polymorphonuclear  leuco- 
cytes in  the  vessels  and  their  migration  towards  the  vesicle,  is 
enlargement  and  proliferation  of  the  endothelial  cells  of  the 
lymphatics  and  blood  vessels.  The  connective  tissue  cells  in 
the  corium  undergo  similar  changes.  Later  in  the  disease  a 
definite  edema  of  the  corium  and  of  the  adjacent  subcutaneous 
tissue  is  present,  and  an  area  of  necrosis  can  be  made  out 
beneath  the  center  of  the  lesion.  Associated  with  this  edema 
and  necrosis  there  is  a  large  increase  in  the  number  of 
endothelial  cells.  These  cells  appear  not  only  in  and  around 
the  lymph  vessels  and  capillaries  but  are  found  in  the  sur- 
rounding tissue.  These  cells  contain  cytoplasmic  phases  of 
Cytoryctes  variolar  both  when  in  situ  on  the  walls  of  cap- 
illaries and  when  free  in  the  tissue.  Mitoses  in  these  cells 
are  frequent,  and  some  cells  are  met  with  containing  two 
nuclei.  The  phagocytic  properties  of  these  cells  are  shown 
by  their  including  leucocytes  and  other  cells.  Lymphoid 
and  plasma  cells,  together  with  a  certain  number  of  eosinophile 
leucocytes,  are  found  in  the  corium  at  this  time. 

During  the  later  stages  of  the  lesion  the  process  of  repair 
dominates  the  picture.  The  epithelium  grows  in  from  the 
sides  and  up  from  the  hair  sheaths,  and  finally  closes  the 
defect  caused  by  the  variolous  process.  In  the  corium 
the  solution  of  the  necrotic  tissue  and  the  new  formation 
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of  blood  vessels  and  connective  tissue  shows  repair  to  be 
active. 

The  exanthem.  — The  process  seen  in  the  epithelium,  in 
the  development  of  the  exanthem,  agrees  with  that  found 
in  the  primary  lesion.  In  the  corium,  however,  the  process 
of  edema  and  necrosis  is  lacking.  There  is,  however,  some 
degree  of  cell  reaction  evidenced  by  the  enlargement  and 
proliferation  of  endothelial  cells.  The  emigration  of  poly- 
morphonuclear leucocytes  is  a  prominent  feature  of  the 
process. 

The  lymph  nodes  associated  with  the  primary  lesion  show 
a  marked  reaction,  consisting  in  proliferation  of  endothelial 
cells  in  the  sinuses  and  in  the  follicles  and  in  the  active 
phagocytic  properties  of  these  cells.  The  presence  of  red 
blood  corpuscles  and  of  polymorphonuclear  leucocytes  in  the 
sinuses,  and  the  small  areas  of  hemorrhage  in  the  follicles 
appear  also  to  be  a  part  of  the  process. 

The  internal  organs  show  nothing  that  can  be  interpreted 
as  manifestations  of  the  disease  produced  in  the  animal  by 
the  inoculation. 

DISCUSSION.  —  We  have  seen  that  the  inoculation  of  the 
skin  of  the  monkey  with  variola  virus  brings  about  a  disease 
which  exhibits  characters  relating  it  at  once  to  variola  in  man 
and  to  vaccinia  in  man  and  in  animals.  The  disease  which 
follows  an  inoculation  of  the  skin  of  the  abdomen  of  Macacus 
cynomologus  with  fresh  variola  virus  consists  essentially  in  : 

(1.)  The  development  of  a  lesion  at  the  site  of  inoculation. 
(2.)    The  appearance  of  a  general  cutaneous  eruption  of 

vesicular  lesions. 
(3.)    The  enlargement  of  lymph  nodes  in  the  axillae  and 

groin. 

(4.)    The  constitutional  reaction. 

When  we  examine  the  primary  lesion  microscopically  we 
find  it  to  be  a  self-limiting  process  which  passes  through 
certain  definite  phases  which  are  reflected  in  the  gross  ap- 
pearances and  are  described  as  vesiculation,  pustulation,  and 
crusting. 
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When  we  turn  to  the  lesions  of  the  exanthem  we  find  that 
the  characteristic  phases  of  the  primary  lesion  are  produced 
in  them. 

As  we  have  said,  the  disease  presents  a  series  of  character- 
istic phenomena,  and  when  a  number  of  animals  are  simulta- 
neously inoculated  we  see  that  these  phenomena  bear  a 
definite  time  relation  to  one  another.  If  we  emphasize  this 
time  element  we  find  that  the  phenomena  of  the  disease 
occur  as  follows : 

The  evolution  of  the  primary  lesion  covers  a  period  of 
about  fourteen  days  from  the  time  of  inoculation.  The  first 
portion  of  this  period  comprises  the  active  evolution  of  the 
local  process.  This  period  of  active  growth  terminates  on 
about  the  seventh  day  of  the  disease,.  It  is  difficult  to  say 
exactly  when  the  lesions  stop  developing,  but,  after  combining 
various  observations,  this  date  is  selected  as  the  probable 
average  time  for  the  acme  of  the  active  evolution  of  the  pri- 
mary lesion.  During  the  remainder  of  the  period  the  phe- 
nomena of  repair  is  dominant  in  the  lesion. 

The  general  exanthem  appears  in  the  majority  of  cases  on 
the  eighth  day  of  the  disease  and  has  a  duration  of  about 
five  days,  the  first  two  of  which  are  employed  in  growth  and 
the  last  two  in  healing. 

The  lymph  nodes  show  an  enlargement  on  the  fourth  day 
of  the  disease  and  are  always  markedly  enlarged  on  the  fifth 
day.  They  decrease  in  size  during  the  crusting  of  the  pri- 
mary lesion,  but  they  are  firmer  than  normal  for  a  considera- 
ble time  after  the  healing  of  the  process. 

The  constitutional  reaction  occurs  at  about  the  height  of 
the  active  phase  of  the  primary  lesion,  that  is,  on  the  sixth 
and  seventh  day  of  the  disease.  The  temperature  reaction 
begins,  in  a  great  majority  of  cases,  on  the  sixth  day  of  the 
disease,  and  persists  for  two  or  three  days.  It  is  difficult  to 
say  just  how  long  the  fever  lasts,  as  the  decline  is  by  lysis, 
but  it  is  almost  always  within  normal  limits  by  the  twelfth 
day. 

If  we  compare  the  disease  produced  in  the  monkey  by 
cutaneous  inoculation  with  variola  virus  with  the  disease 
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which  follows  inoculation  of  that  animal  with  vaccine  virus, 
we  see  at  once  that  the  processes  are  closely  related.  They 
are  similar  in  that  a  self-limiting  lesion  appears  at  the  site  of 
inoculation,  that  the  development  of  this  lesion  is  associated 
with  more  or  less  constitutional  reaction,  and  that  certain 
lymph  nodes  become  enlarged.  The  disease  produced  by 
inoculation  with  variola  virus  differs  from  vaccinia  in  that 
the  primary  lesion  is  usually  followed  by  a  general  cutaneous 
eruption  of  lesions  similar  in  many  respects  to  the  primary 
lesion,  and  in  that  the  temperature  reaction  is  more  abrupt  in 
its  onset  and  more  intense. 


No.  118.  Variola  inocuvata  ihim  f\OTi«€>f . 


If  we  compare  the  disease  produced  in  the  monkey  by 
cutaneous  inoculation  with  variola  virus  with  the  various 
manifestations  of  variola  in  man,  we  see  that  the  disease  pro- 
duced is  more  like  variola  inoculata  than  any  of  the  other 
forms.  In  fact  the  only  differences  that  we  find  between  the 
two  lie  in  the  time  of  occurrence  of  the  general  exanthem 
and  in  the  duration  of  the  temperature  reaction.  Thus  in 
the  monkey  we  have  the  exanthem  appearing  on  the  eighth 
day  of  the  disease  and  the  temperature,  which  appeared  on 
the  sixth  day,  quickly  falling  by  lysis,  while  in  variola  inocu- 
lata in  man  the  exanthem  appears  on  the  eleventh  day,  and 
the  temperature  persists  from  the  seventh  to  the  ninth  day. 
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The  development  of  the  primary  lesion  and  of  the  exanthem 
is  practically  the  same  in  both. 

When  we  compare  variola  inoculata  in  the  monkey  with 
variola  vera  in  man  we  find  that  only  certain  characteristics 
of  the  disease  type  are  held  in  common. 

Different  forms  of  virus,  as  vesicle  contents,  pustule  con- 
tents, and  disk,  were  used  for  inoculations.  On  the  skin  all 
these  forms  of  virus  produced  typical  primary  lesions.  It  is 
to  be  noted,  however,  that  the  nature  of  the  contagium 
seemed  to  have  an  influence  upon  the  occurrence  and  extent 
of  the  exanthem.  We  feel  that  these  differences  are  explain- 
able upon  physical  grounds  and  have  to  do  with  the  reaction 
of  the  virus  to  external  conditions  rather  than  to  any  differ- 
ence in  the  virus  inherent  to  different  ages  of  the  lesion  from 
which  it  is  collected.  This  question  will  be  taken  up  in 
another  article  in  this  series. 

In  the  course  of  our  experiments  monkeys  of  all  ages  and 
of  both  sexes  were  employed.  We  did  not  observe  any  dif- 
ference in  the  reactions  of  these  animals  which  could  be 
attributed  to  these  factors.  The  general  condition  of  .the 
animal  did  not  seem  to  affect  the  results  of  the  inoculations. 

The  histological  study  of  the  specific  lesions  and  of  the 
viscera  in  variola  inoculata  in  the  monkey  adds  some  details 
to  our  picture  of  the  disease.  We  see  that  the  specific 
lesions  are  similar  in  most  respects  to  the  vaccine  lesions  of 
man  and  of  animals,  and  to  the  lesions  of  the  exanthem  of 
variola  vera  in  man.  As  has  been  pointed  out,*  the  specific 
lesions  of  variola  inoculata  in  the  monkey  differ  from  the 
lesions  of  the  exanthem  in  variola  vera  in  man  in  the  greater 
prominence  of  the  polynuclear  leucocytes  in  the  former. 
The  primary  lesions  of  variola  inoculata  in  the  monkey  differ 
from  the  vaccine  lesion  of  that  animal  in  the  extent  and 
character  of  the  process  in  the  corium  beneath  the  lesion, 
it  being  more  intense  in  variola  inoculata. 

It  is  evident  that  the  lymph  spaces  of  the  skin  are  flooded 
with  virus  at  the  time  of  the  inoculation,  and  this  fact  may 
be  a  factor  in  the  early  development  of  the  exanthem  in  the 
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inoculated  disease.  From  the  fact  that  Cytoryctes  are 
demonstrable  in  the  endothelial  cells  of  the  capillaries  in 
the  corium  beneath  a  primary  lesion  of  five  days  duration, 
it  seems  probable  that  at  the  time  of  inoculation  cells  of  this 
type  become  infected.  Such  infected  cells  in  the  lymph 
spaces  or  in  the  capillaries  might  easily  be  swept  away  in 
the  circulation,  and  lodging  in  skin  capillaries  become  the 
focus  for  an  exanthem. 

The  absence  of  focal  lesions  in  the  bone  marrow  and  testi- 
cles in  variola  inoculata  in  the  monkey  emphasizes  the 
difference  already  mentioned  between  the  disease  experiment- 
ally produced  in  the  monkey  and  variola  vera  in  man. 

CONCLUSIONS. 

1.  Inoculation  of  the  skin  of  the  monkey  (M.  cynomolo- 
gus  and  M.  nemestrinus)  with  variola  virus  produces  a 
disease  in  which  all  the  essential  characteristics  are  identical 
with  those  of  variola  inoculata  in  man. 

2.  Variola  inoculata  in  the  monkey  differs  from  variola 
inoculata  in  man  in  that  the  fever  has  a  shorter  duration  and 
the  exanthem  appears  at  an  earlier  date. 

3.  Variola  inoculata  in  the  monkey  is  as  distinct  a  clini- 
cal entity  as  is  variola  inoculata  in  man. 

4.  Cytoryctes  variolas  are  found  in  the  endothelial  cells 
of  the  capillaries  in  the  corium  beneath  the  primary  lesion 
of  variola  inoculata. 
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2.     VARIOLA  INOCULATA  IN  THE  ORANG  UTAN. 

Introduction.  —  The  experiments  here  reported  were 
performed  to  determine  the  reaction  of  the  orang  utan  to 
inoculation  with  variola  virus,  and  to  obtain  material  for  the 
microscopic  study  of  the  specific  lesions,  and  of  the  mor- 
phology of  the  causative  organism  in  this  species  of  animal. 
Four  orang  utans  were  procured  for  this  work,  but  unfortu- 
nately only  two  of  them  survived  long  enough  for  the  experi- 
ments to  be  carried  out.    These  experiments  are  the  first  in 
which  anthrapoid  apes  have  been  used  as  the  experimental 
animal  in  a  study  of  smallpox.    The  systematic  position  of 
the  orang  utan  in  the  animal  kingdom  makes  it  of  peculiar 
value  in  the  comparative  study  of  a  disease  such  as  small- 
pox.   The  orang  utan  is  susceptible  both  to  diseases  peculiar 
to  animals  (hemorrhagic  septicemia)  and  to  diseases  com- 
mon to  man  and  to  animals   (amebic  dysentery).  This 
makes  the  animal  an  ideal  one  for  bridging  the  gap  between 
the  monkey  and  man  in  the  study  of  the  reactions  of  various 
mammalian  hosts  to  a  given  disease-producing  parasite.  We 
regret  that  owing  to  the  difficulty  of   acclimating  these 
animals  our  data  is  not  abundant  as  might  be  desired. 

TECHNIC.  —  Two  young  female  orang  utans  were  inocu- 
lated on  the  skin  of  the  abdomen  with  variola  virus  in  the 
same  way  as  were  the  monkeys  already  described.  The 
animals  were  observed  daily,  and  the  evolution  of  the  lesion 
at  the  site  of  inoculation  and  the  constitutional  reaction  was 
recorded.  Material  for  the  histological  examination  of  the 
specific  lesions  was  collected.  The  details  of  the  experi- 
ments are  as  follows : 

No.  197.  —  Young  female  orang  utan.  The  animal  was  first  exposed  to 
smallpox  fomites.  The  results  of  this  experiment  will  be  considered  in 
another  article. 

Twenty-one  days  after  the  exposure  the  animal  was  inoculated  in  twelve 
places  on  the  abdomen  with  virus  No.  252.  Forty-eight  hours  after 
inoculation  there  was  slight  elevation  about  the  scratches.   The  deep 
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pigmentation  of  the  skin  made  it  impossible  to  tell  whether  or  not  hyper- 
emia was  present. 

Five  days.  Along  each  line  of  inoculation  there  was  a  narrow  yellow 
crust  seated  upon  a  vague  elevation.  On  gentle  pressure  turbid  fluid 
exuded  from  beneath  the  crust.  A  small  amount  of  this  fluid  was  used 
to  inoculate  a  Philippine  monkey  on  the  skin  of  the  abdomen.  This  animal 
developed  a  typical  pock  at  the  site  of  inoculation  and  subsequently  a 
profuse  general  exanthem. 

Six  days.  The  primary  lesions  were  somewhat  more  prominent  and 
the  whole  of  the  area  beneath  them  was  indurated.  Axillary  lymph  nodes 
enlarged,  firm,  and  tender. 

Seven  days.  The  animal  had  scratched  the  lesions  and  they  presented 
as  shallow  ulcerations  with  ragged  and  often  bleeding  edges.  The  sub- 
cutaneous edema  had  increased  in  extent,  causing  a  brawny  induration 
over  the  whole  field  of  inoculation.  Animal  died  during  the  night  of  an 
intercurrent  infection. 

No.  198.  —  Young  female  orang  utan.  Inoculated  in  twelve  places  on 
the  skin  of  the  abdomen  with  virus  No.  199.  After  twenty-four  hours 
slight  elevation  was  apparent  along  the  lines  of  inoculation.  Body  tem- 
perature 36.  i°  C. 

Four  days.  A  narrow  crust  marked  the  scratch  and  was  bordered  by  a 
distinct  elevation.  No  change  of  color  could  be  made  out  on  account  of 
the  deep  pigmentation  of  the  skin.    Body  temperature  35. 90  C. 

Five  days.  The  elevation  of  the  lesions  had  increased  and  they  had 
become  circumscribed.    Body  temperature  36. 6°  C. 

Six  days.  The  zone  of  elevation  was  distinctly  vesicular  near  the  crust 
and  clear  serum  oozed  out  on  general  pressure.    Body  temperature  360  C. 

Seven  days.  Lesions  had  increased  somewhat  in  extent  and  the  crust 
had  spread.    Body  temperature  35.7°  C. 

Eight  days.  Animal  found  dead  in  cage  early  in  the  morning.  Rigor 
mortis  present,  body  still  warm.  Autopsy  at  once.  Skin:  the  inocu- 
lation sites  present  crusts  about  which  is  a  shallow  cavity  filled  with  turbid 
fluid.  This  vesicle  appears  to  lie  between  the  true  skin  and  the  epidermis. 
The  border  of  the  lesion  shows  some  thickening  of  the  skin,  but  this  is 
not  nearly  so  marked  as  at  a  corresponding  period  in  the  primary  lesion 
of  variola  inoculata  in  the  monkey.  No  evidence  of  a  general  exanthem  is 
present.  Axillary  lymph  nodes  enlarged,  measuring  one  to  one  and  one- 
half  centimeters  in  diameter,  in  color  deep  red,  and  on  section  rather  dry. 
Peritoneal  cavity  contains  one  liter  of  clear  straw-colored  fluid.  Surfaces 
of  normal  color  and  texture.  Pleural  and  pericardial  cavities  normal. 
I  hart:  valves  and  cavities  normal;  myocardium  red  brown  in  color  and 
of  firm  consistency.  Lungs  normal.  Spleen:  capsule  smooth,  purple,  on 
section  pulp  rather  dry,  color  deep  red  brown.  Malpighian  bodies  and 
trabecular  not  prominent.  Liver:  general  surface  smooth  and  yellow- 
brown  in  color.    On  section,  markings  distinct  and  consistency  normal. 
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the  collection  of  fluid  is  between  and  within  the  cells  of  the  stratum  gran- 
ulosum  and  stratum  spinosum.  In  places  this  vesicle  is  traversed  by  more 
or  less  vertical  partitions  composed  of  compressed  epithelial  cells. 

The  reaction  of  the  corium  is  evidenced  by  some  infiltration  with  poly- 
morphonuclear leucocytes  and  a  certain  degree  of  swelling  of  the  endo- 
thelial cells  lining  the  blood  vessels  and  lymphatics  of  the  corium  adjacent 
to  the  site  of  the  inoculation.  Immediately  beneath  the  lesion  endothe- 
lial cells  of  lymphatics  and  of  capillaries  were  found  which  contained  in 
their  protoplasm  cytoplasmic  phases  of  Cytoryctes  variola;. 

The  epithelial  cells  of  the  lesions  contain  many  stages  of  the  parasite. 
Both  the  cytoplasmic  and  the  nuclear  phases  were  well  represented. 

Seven  and  eight  days.  Lesions  of  these  durations  showed  the  same 
characteristics  as  did  that  described  above.  The  vesicle  becomes  more 
extensive  and  the  necrotic  area  beneath  the  crust  larger.  The  coalescence 
of  the  lateral  vesicles  often  left  single  cells  or  islands  of  cells  in  a  fair 
state  of  preservation,  which  were  to  be  found  in  various  stages  of  agglom- 
eration on  the  way  to  the  formation  of  trabecular,  or  partitions  in  the  large 
vesicle. 

Viscera.  — Histological  study  of  the  internal  organs  did  not  reveal  any 
lesions  of  a  variolous  nature.  All  through  the  organs,  wherever  blood 
vessels  were  cut,  short  bacilli,  having  the  morphology  and  staining  peculi- 
arities of  the  bacillus  of  hemorrhagic  septicemia,  were  readily  demonstrable. 


SUMMARV. 

The  evolution  of  the  primary  lesion  at  the  site  of  inocula- 
tion with  variola  virus  in  the  orang  utan  is  similar  to  that 
which  follows  the  inoculation  in  the  monkey  and  in  man. 
The  thickness  and  the  deep  pigmentation  of  the  skin  of  this 
animal  rendered  the  naked  eye  appearance  less  characteristic 
than  in  Macacus  cynomologus.  The  death  of  the  animals,  of 
intercurrent  disease,  before  a  general  exanthem  might  be 
expected  to  develop  deprived  us  of  data  upon  this  point. 
Both  animals  showed  a  marked  constitutional  reaction,  but 
this  cannot  be  interpreted  as  resulting  from  the  smallpox 
process  on  account  of  the  existence  of  an  intercurrent 
disease. 

The  histological  study  of  the  primary  lesions  and  of  the 
viscera  of  the  orang  utan  inoculated  with  variola  virus  shows 
the  process  to  be  essentially  similar  to  that  which  follows 
inoculation  of  the  monkey  with  the  same  virus.  There 
seems  to  be  some  difference  in  the  degree  of  reaction  in  the 
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corium  beneath  the  primary  lesion,  it  being  notably  less  in 
the  orang  titan.  The  histogenesis  of  the  cutaneous  vesicle  is 
similar  and  we  note  the  absence,  as  in  the  monkey,  of  focal 
lesions  in  the  bone  marrow.  The  most  striking  thing  about 
the  primary  lesions  seems  to  be  their  richness  in  nuclear 
forms  of  Cytoryctes.  This  matter  will  be  taken  up  in  detail 
in  another  paper,  and  so  will  not  here  be  further  commented 
upon. 

CONCLUSIONS. 

1.  The  orang  utan  is  susceptible  to  variola  inoculata. 

2.  The  evolution  of  the  specific  lesion  at  the  site  of 
inoculation  is  comparable  with  that  which  follows  similar 
inoculations  in  the  monkey  (M.  cynomologus  and  M.  neme- 
strinus). 

3.  The  primary  lesions  of  variola  inoculata  in  the  orang 
utan  stand  closer  to  the  cutaneous  lesions  of  variola  vera  in 
man  than  do  the  primary  cutaneous  lesions  of  variola  inocu- 
lata in  the  monkey  in  respect  to  richness  in  forms  of  Cyto- 
ryctes variolae,  and  particularly  in  the  number  of  nuclear 
forms  present. 
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3.     VARIOLOUS  KERATITIS  IN  MACACUS  CYNOMOLOGUS. 

Introduction.  —  In  this  section  will  be  considered  the 
results  of  a  series  of  inoculations  of  the  cornea  of  the 
Philippine  monkey  with  variola  virus.  These  experiments 
were  undertaken  to  determine  what  variations  in  the  type  of 
disease  might  result  from  a  change  in  the  locus  of  inoculation. 
They  also  yielded  material  for  the  histological  examination 
of  the  specific  lesion  in  tissue  which  is  ideal  for  the  study  of 
cell  changes,  owing  to  perfect  preservation  and  the  relative 
simplicity  of  the  tissue  elements. 

TECHNIC.  —  The  methods  of  inoculation  and  of  observation 
were  the  same  as  those  described  in  the  section  upon  vaccinal 
keratitis  in  the  monkey. 

Details  OF  EXPERIMENTS.  —  Eighteen  animals  were  em- 
ployed in  this  series,  of  which  the  following  experiments  are 
selected  to  be  given  in  detail : 

No.  223.  —  Monkey  inoculated  on  both  corneas  with  virus  No.  200. 
After  forty-eight  hours  slight  unevenness  was  apparent  along  the  line  of 
inoculation.  After  ninety-six  hours  a  minute  defect  in  the  corneal  epi- 
thelium was  present  in  the  inoculated  area.  Chloroformed  after  eight  days. 
The  cornea  presents  a  small  defect  in  the  epithelium  with  very  slight  un- 
evenness about  it.  No  photophobia  was  observed.  There  was  no 
general  exanthem. 

Histological  examination  showed  proliferation  of  the  epithelium  about 
the  inoculation  wound  and  the  presence  of  Cytoryctes. 

No.  224.  —  Monkey  was  inoculated  on  the  cornea  with  virus  No.  200. 
After  forty-eight  hours  the  cornea  was  slightly  uneven  along  the  line  of 
inoculation.  Photophobia  and  haziness  of  the  cornea  was  observed  after 
ninety-six  hours.  Conjunctivitis  was  not  present.  .  On  the  sixth  day  of  the 
disease  a  general  exanthem  consisting  of  five  small  vesicles  was  observed 
on  the  face  and  extremities.  On  the  next  day  five  new  vesicles  appeared. 
The  animal  was  chloroformed  on  the  seventh  day.  At  autopsy  no  evidence 
of  an  initial  lesion,  other  than  that  on  the  cornea,  was  demonstrable. 

Histological  examination.  —  At  the  site  of  inoculation  enormous  numbers 
of  Cytoryctes  were  present  in  the  epithelial  cells.  No  leucocytes  were 
found  in  the  lesion  or  in  the  corneal  substance  about  it. 
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SUMMARY. 

The  inoculation  of  the  cornea  with  vesicle  contents  was 
followed  by  the  development  of  a  lesion  which  had  much  in 
common  with  that  which  follows  a  similar  inoculation  on  the 
rabbit.  The  following  summary  of  the  macroscopic  appear- 
ances is  based  upon  the  observation  of  eighteen  experiments 
similar  to  those  given  above. 

After  twenty-four  hours  there  is  some  roughening  of  the 
surface  along  the  line  of  inoculation.  After  forty-eight  hours 
there  follows  more  or  less  loss  of  substance  at  the  site  of  the 
inoculation  incision.  This  loss  of  substance  is  not  so  great 
as  in  vaccination  of  the  cornea.  When  pyogenic  infection 
does  not  complicate  the  process  there  is  no  opacity  of  the 
cornea  or  conjunctivitis,  and  the  lesions  heal  after  a  variable 
period.  In  two  animals,  which  were  allowed  to  survive  long 
enough  for  the  eruption  to  appear,  an  exanthem  was  seen  on 
the  sixth  and  seventh  day  of  the  disease.  The  evolution  and 
extent  of  the  exanthem  was  like  that  following  the  skin  in- 
oculation. Another  animal,  kept  under  observation  for  a 
long  period,  did  not  develop  an  exanthem. 

Histological  examination  shows  that  the  process  at  the 
site  of  inoculation  with  variola  virus,  on  the  cornea  of  the 
monkey,  consists  primarily  in  degeneration  and  in  proliferation 
of  the  epithelial  cells.  Seventy-two  hours  after  the  inocu- 
lation, when  the  process  is  at  its  height,  the  line  of  inoculation 
is  marked  by  a  defect  in  the  epithelium,  below  which  there 
may  be  a  slight  destruction  of  the  corneal  substance.  The 
epithelial  cells  about  this  defect  may  be  swollen  and  separated 
one  from  another,  and  show  various  degrees  of  degeneration. 
As  we  pass  from  the  center  of  the  lesion  towards  the  periphery 
we  find  the  epithelium  much  thickened.  This  increase  in  the 
thickness  is  in  part  due  to  swelling  of  the  individual  cells, 
shown  particularly  by  those  of  the  lower  layer  which  appear 
pale  and  assume  a  cuboidal  or  cylindrical  form,  and  in  part 
to  an  increase  in  the  number  of  cells.  At  the  point  of 
greatest  thickening  the  epithelium  may  measure  twice  its 
normal  depth.    In  lesions  of  greater  duration  the  degeneration 
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of  the  individual  cells  and  collection  of  fluid  between  the 
cells  may  occasionally  result  in  the  formation  of  minute 
cavities  in  the  thickened  epithelium  which  are  analogous  to 
the  vesicle  of  the  specific  skin  lesion. 

Polynuclear  leucocytes  do  not  form  a  prominent  feature  of 
the  corneal  lesions.  In  many  sections  a  prolonged  search  is 
necessary  to  find  a  single  cell  of  this  type.  When  the  inocu- 
lation wound  penetrates  the  corneal  substance  polynuclear 
leucocytes  are  more  numerous.  The  paucity  of  these  cells 
in  the  lesion  is  in  strong  contrast  with  the  condition  in  the 
cutaneous  smallpox  lesions  in  the  monkey. 

Cytoryctes  variolar  were  present  in  all  the  lesions  exam- 
ined. Their  morphology  and  staining  reactions  were  identi- 
cal with  those  found  in  the  skin  lesions.  No  nuclear  phases 
were  present.  The  parasites  were  found  as  early  as  eighteen 
hours  after  the  inoculation  and  persisted  through  the  eleventh 
day,  that  date  being  the  last  on  which  a  microscopic  exam- 
ination was  made. 

DISCUSSION.  —  When  we  compare  the  lesion  produced  on 
the  cornea  of  the  monkey  by  inoculation  with  variola  virus 
with  vaccinal  keratitis  in  the  same  animal,  we  see  at  once 
that  we  have  to  do  with  a  similar  process.  The  only  striking 
difference  that  these  two  lesions  present  is  that  in  the  vario- 
lous keratitis  there  is  less  exudation,  and  the  epithelium  of 
the  lesion  does  not  become  detached  and  cause  a  large  super- 
ficial defect  as  in  the  vaccinal  lesion.  In  this  respect  vario- 
lous' keratitis  in  the  monkey  approaches  more  nearly  to 
vaccinal  or  variolous  keratitis  in  the  rabbit  than  does  vac- 
cinal keratitis  in  the  monkey. 

The  small  part  played  by  the  polynuclear  leucocyte  in  the 
variolous  keratitis  contrasts  strongly  with  the  prominence  of 
this  cell  in  the  specific  cutaneous  lesions  of  the  disease  in  the 
monkey.  It  seems  probable  that  in  the  skin  inoculation  the 
presence  of  a  large  number  of  these  cells  is  conditioned  by 
the  destruction  of  tissue  incident  to  the  inoculation,  and  that 
they  continue  to  be  attracted,  not  so  much  by  the  variola 
organism  or  its  products,  as  by  the  presence  of  substances  set 
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free  in  the  process  of  cell  destruction  incident  to  the  activity 
of  the  parasite  and  the  other  organisms  which  gain  access  to 
the  lesion.  As  all  such  degeneration  products  are  retained 
at  the  site  of  inoculation  by  the  crust  in  the  case  of  a  cuta- 
neous lesion,  while  they  readily  escape  in  the  case  of  the 
corneal  lesion,  it  is  easy  to  understand  why  in  the  former 
case  large  numbers  of  leucocytes  pass  from  the  vessels  to  the 
lesion. 

The  absence  of  nuclear  phases  of  Cytoryctes  variolar  in  the 
corneal  lesion  was  disappointing.  It  is  possible  that  there  is 
some  inherent  difference  in  the  cells  of  the  cornea  which 
makes  them  unsuitable  for  the  development  of  the  parasite 
beyond  the  cytoplasmic  stage,  though  we  are  inclined  to 
regard  the  absence  of  nuclear  forms  in  these  lesions  as  being 
due  to  the  action  of  physical  factors.  In  a  typical  corneal 
lesion  the  cells  are  probably  cast  off  from  the  surface  before 
the  nuclear  forms  are  produced.  It  is  possible  that  oblique 
incisions  into  the  corneal  substance,  in  which  islands  of  epi- 
thelial cells  would  be  retained,  might  show  a  development  of 
the  nuclear  forms  of  the  parasite. 

In  a  previous  section  we  have  shown  that  the  endothelial 
cells  of  capillaries  beneath  the  primary  skin  lesions  of  variola 
inoculata  are  invaded  by  Cytoryctes.  From  this  we  have 
been  led  to  believe  that  some  such  process  is  involved  in  the 
dissemination  of  the  organisms  to  form  the  exanthem.  From 
the  consideration  of  the  time  elements  it  seems  probable 
that  such  infected  endothelial  cells  are  set  free  at  an  earlier 
stage  in  the  disease  than  the  infected  endothelial  cells  have 
been  demonstrated  beneath  the  primary  lesion.  The  fact 
that  an  exanthem  follows  the  development  of  a  lesion  in  the 
non-vascular  cornea,  where  extension  of  the  process  to  blood 
vessels  does  not  occur,  suggests  that  the  distribution  of  the 
organism,  if  brought  about  through  the  intermediation  of 
endothelial  cells,  is  due  to  an  infection  of  the  cells  lining 
lymph  channels. 
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CONCLUSIONS. 

1 .  Inoculation  of  the  cornea  of  the  monkey  (M.  cynomol- 
ogus)  with  variola  virus  produces  a  specific  lesion  charac- 
terized  by  swelling,  proliferation,  and  varying  degrees  of 
degeneration  of  the  epithelial  cells. 

2.  The  lesion  is  similar  to  that  produced  by  inoculation 
of  the  cornea  of  the  rabbit  with  vaccine  or  with  variola  virus. 

3.  The  lesion  results  in  less  destruction  of  the  corneal 
epithelium  than  follows  similar  inoculations  of  the  cornea  of 
the  monkey  with  vaccine  virus. 

4.  The  lesion  on  the  cornea  differs  from  the  variolous 
lesion  on  the  skin  of  the  monkey  in  that  exudation  does  not 
play  as  prominent  a  part,  and  that  true  vesicle  formation  does 
not  occur. 

5.  Cytoryctes  variolae  are  present  in  the  lesion  up  to 
eleven  days  after  the  inoculation,  but  nuclear  forms  of  the 
parasite  are  not  found. 

6.  A  variolous  lesion  on  the  cornea  of  the  monkey  may 
be  followed  by  a  general  exanthem  which  appears  on  the 
same  day  as  after  skin  inoculation.  We  therefore  identify 
the  disease  produced  in  the  monkey  by  variolation  on  the 
cornea  as  variola  inoculata. 


298 


BRINCKERHOFF  AND  TYZZER. 


,   4.     VARIOLA  INOCULATA  FOLLOWING  INOCULATION  OF  THE 
MUCOUS  MEMBRANE  OF  THE  MONKEY. 

INTRODUCTION.  —  In  the  preceding  sections  of  this  paper 
we  have  detailed  the  results  which  follow  the  inoculation  of  the 
skin  and  the  cornea  of  the  monkey  with  variola  virus.  We 
will  present  here  a  series  of  experiments  which  show  the 
results  of  inoculation  of  that  animal  upon  the  mucous  mem- 
brane of  the  nose,  the  lip,  and  the  palate.  The  experiments 
also  yielded  material  for  the  study  of  the  variola  organism 
and  the  histology  of  the  specific  lesion  on  the  mucous 
membrane. 

TECHNIC. — The  method  of  inoculation  and  of  observa- 
tion was  the  same  as  that  followed  in  the  series  of  inocula- 
tions of  the  mucous  membranes  of  the  monkey  with  vaccine 
virus. 

Clinical  course  of  the  disease. — Twenty-nine  ani- 
mals were  used  in  this  series  of  inoculations,  of  which  the 
following  are  selected  to  be  described  in  detail : 

No.  125.  —  Adult  male,  Macacus  cynomologus.  Inoculated  on  the  left 
side  of  the  nasal  septum,  on  the  inner  side  of  the  lower  lip,  and  on  the 
left  palate  with  variola  virus  No.  167  (vesicle  contents).  Body  tempera- 
ture 400  C. 

Twenty-four  hours  after  inoculation  a  slight  elevation  is  noted  on  the 
nasal  septum.  The  lip  and  palate  are  negative.  Body  temperature 
38.8"  C. 

Forty-eight  hours.  On  the  lip  a  narrow  white  line  surrounded  by 
hyperemic  mucous  membrane  marks  the  site  of  inoculation.  Nose  and 
palate  negative.    Body  temperature  400  C. 

Three  days.  The  nose  shows  considerable  swelling  of  the  septum,  but 
no  distinct  lesion  can  be  made  out.  The  lip  presents  a  white  area,  one 
by  three  millimeters,  which  is  slightly  elevated  and  has  a  translucent 
appearance.  The  palate  shows  a  small  gray  spot  on  the  line  of  inocula- 
tion.   Body  temperature  400  C. 

Four  days.  Nose  negative.  The  lip  shows  a  white  opaque  area,  one  by 
three  millimeters,  with  a  ragged,  elevated  edge  about  which  the  mucosa  is 
distinctly  reddened.    The  palate  presents  a  white,  slightly  elevated  area, 
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two  by  four  millimeters,  the  surface  of  which  is  unbroken.    Body  temper- 
ature 400  C. 

Five  days  Nose  negative.  The  lip  shows  an  opaque  white  area,  cov- 
ered in  part  by  the  remains  of  the  macerated  epithelium,  and  surrounded 
by  a  dull  pink  elevated  border.  The  palate  presents  an  elevated  area,  two 
by  four  millimeters  in  extent,  and  of  a  gray  white  color.  About  this  are 
smaller  similar  spots.    Body  temperature  39-5°  C 

Six  days.  The  nose  presents  an  opaque  area  on  the  septum  surrounded 
by  a  bright  red  areola.  The  lip  is  much  swollen,  and  the  lesion  shows  an 
area  of  erosion  surrounded  by  a  ragged  edge  of  elevated  and  hyperemic 
mucous  membrane.  The  lesions  on  the  palate  have  increased  somewhat 
in  size,  and  show  a  distinct  red  areola.    Body  temperature  40.20  C. 

Seven  days.  Considerable  muco-purulent  discharge  from  the  nostril; 
swelling  of  the  mucous  membrane  prevents  inspection.  Lesion  on  lip  as 
before°  The  palate  shows  some  increase  in  the  size  of  the  lesion.  Body 
temperature  400  C. 

Eight  days.  The  swelling  of  the  mucous  membrane  in  the  nose  con- 
tinues. On  the  lip  the  lesion  presents  as  an  ulceration  with  marked  inflam- 
matory reaction  about  it.  On  the  palate  the  lesion  shows  no  erosion  and 
has  ceased  to  spread.    Body  temperature  40.40  C. 

Nine  days.    Lesions  as  described  yesterday.    A  general  exanthem  was 
carefully  searched  for  but  not  found.    Animal  killed  and  autopsy  done  at 
.  once.    No  macroscopic  evidence  of  disease,  except  at  the  sites  of  inocu- 
lation. 

No.  126.  —  Half  grown  male,  Macacus  cynomologus.  Inoculated  in  the 
same  way  and  with  the  same  virus  as  the  preceding  animal.  Body  tem- 
perature 390  C. 

After  twenty-four  hours  the  nose  shows  a  delicate  crust  on  a  slightly 
elevated  area  of  mucous  membrane.  On  the  lip  a  small  lacerated  wound 
marks  the  point  of  inoculation.  The  palate  presents  some  reddening  of 
the  mucosa  about  the  scratch.    Body  temperature  38. 6°  C. 

Forty-eight  hours.  Lesions  as  above  described.  Body  temperature 
39°  C. 

Three  days.  In  the  nose  the  elevation  about  the  crust  has  increased. 
The  lip  shows  an  elevated  opaque  white  area,  three  by  four  millimeters, 
surrounded  by  a  diffuse  red  flush.  On  the  palate  is  a  slightly  elevated 
grayish  area,  two  by  four  millimeters  in  extent,  surrounded  by  hyperemic 
mucosa.    Body  temperature  40. 40  C. 

Four  days.  Nose  as  before,  save  that  the  elevation  has  taken  on  a  gray 
tint.  The  lip  presents  a  macerated  appearance  over  the  area  occupied  by 
the  lesion.  The  lesion  on  the  palate  has  increased  in  size.  Body  tem- 
perature 40. 50  C. 

Five  days.  On  the  palate  the  lesion  is  eroded,  otherwise  there  is  no 
change.    Body  temperature  39-5°  C. 

Six  days.  The  nose  presents  a  narrow  crust  on  a  pink  elevation.  The 
lesion  on  the  lip  shows  signs  of  healing.    Palate  as  before.    The  top  of 


300 


BRINCKKKIIOKK  AND  TYZZER. 


the  tongue  near  its  tip  presents  a  gray  elevated  area,  two  millimeters 
across,  surrounded  by  a  pink  areola.  Lesions  show  no  change  since 
yesterday.  Animal  killed  and  autopsied  at  once.  Viscera  show  no  macro- 
scopic lesions.  A  single  small  vesicle  outside  the  left  eye  is  shown  to  be 
specific  by  microscopic  examination.    No  other  exanthem  found. 

No.  127.  — Young  female,  Macacus  cynomologus.  Inoculated  in  the 
same  way  and  with  the  same  virus  as  the  preceding  monkeys.  Body  tem- 
perature 39. 20  C. 

Twenty-four  hours  after.  Slight  elevation  and  reddening  at  the  points 
of  inoculation.    Body  temperature  380  C. 

Forty-eight  hours.  In  the  nose  there  is  reddening  of  the  mucosa  on  the 
septum.  On  the  lip  a  yellow  line  surrounded  by  slightly  elevated  and 
pink  mucosa  marks  the  site  of  inoculation.  Palate  negative.  Body  tem- 
perature 390  C. 

Three  days.  Nose  negative.  Lip  shows  a  gray  line  on  a  white  elevated 
area,  two  and  one-half  by  five  millimeters,  the  edge  of  which  is  translucent. 
Palate  presents  a  grayish-white  line  three  millimeters  long.  Body  tem- 
perature 39. 50  C. 

Four  days.  Nose  negative.  The  lip  shows  a  gray-white  area,  two  by 
five  millimeters,  with  a  pink  edge  and  a  granular  surface.  Palate  as 
before.    Body  temperature  39.5°C. 

Five  days.  Nose  negative.  The  lip  is  swollen  and  presents  an  erosion, 
with  a  yellow  surface  and  a  thickened  pink  edge,  two  by  four  millimeters 
in  extent.  Palate  presents  an  eroded  area,  two  by  five  millimeters,  with  a 
slightly  depressed  gray  base  and  an  elevated  margin,  which  is  surrounded 
by  reddened  mucosa.    Body  temperature  38.5°C. 

Six  days.  Lesions  as  before  but  somewhat  increased  in  size.  Body 
temperature  39.5°C. 

Seven  days.  Nose  presents  a  narrow  crust  about  the  orifice  of  the  left 
nostril.  The  lip  shows  a  large  erosion,  one  centimeter  across,  the  base  of 
which  is  covered  by  yellow,  macerated  material,  and  is  surrounded  by  an 
elevated,  ragged,  pink  border.  Lesion  on  palate  has  increased  in  size. 
Body  temperature  38. 8°  C. 

Eight  days.  Nose  shows  an  eroded  area  extending  from  the  septum 
out  upon  the  surrounding  skin.  Lesion  on  lip  as  before.  Palate  presents 
a  long,  narrow  ulceration,  two  by  eight  millimeters  in  extent,  with  a  white, 
elevated  edge  and  surrounded  by  a  red  areola.  One  small,  pink,  papular 
elevation  on  the  inner  side  of  each  thigh  and  on  right  arm.  Histological 
examination  shows  this  lesion  to  be  variolous.    Body  temperature  38.5°  C. 

Animal  killed  ;  at  autopsy  organs  appear  normal. 

No.  128. — Full  grown  female,  Macacus  cynomologus.  Inoculated  in 
the  same  way  and  with  the  same  virus  as  the  preceding  monkeys.  Body 
temperature  39°C. 

After  twenty-four  hours  there  is  slight  reddening  of  the  mucosa  about 
the  scratches.    Body  temperature  38.2°C. 
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Forty-ei"ht  hours.    Lesions  as  before.    Body  temperature  38.2°  C. 

Three  days.  The  lip  is  swollen  and  presents  a  white  area,  one  by  three 
millimeters,'  slightly  elevated  and  surrounded  by  a  pink  areola.  Palate 
presents  two  yellow  elevations,  two  by  four  millimeters  in  extent,  with  a 
red  periphery.    Body  temperature  39.5°  C. 

Four  days.    Lesion  on  lip  is  excoriated.    Palate  as  before,  but  lesion 
has  spread  somewhat.    Body  temperature  390  C. 

Five  days.  Lip  shows  an  eroded  area  with  a  gray  base  and  a  white  ele- 
vated edge  surrounded  by  reddened  mucous  membrane.  The  whole  lower 
lip  is  distinctly  swollen  and  indurated.  Palate  as  before.  Body  temper- 
ature 38. 2°  C.  .... 

Six  days.  Swelling  of  the  lip  more  marked.  The  base  of  the  lesion 
is  yellow  and  the  edge  ragged.  A  minute  pink  papular  elevation  appears 
on  the  gum  opposite  the  lesion.  Probably  an  auto-inoculation.  Palate  as 
before.    Body  temperature  390  C. 

Seven  days.    Lesions  as  described  but  somewhat  increased  in  extent. 
Body  temperature  38. 50  C. 

Eight  days.  From  this  time  on  the  primary  lesions  healed  without  com- 
plication. A  general  exanthem  was  not  found  either  before  or  after  this 
date.    Body  temperature  37. 5°  C. 

No.  129.  — Full  grown  male,  Macacus  cynomologus.  Inoculated  in  the 
same  way  and  with  the  same  virus  as  the  preceding  animals.  Body 
temperature  38.5°  C. 

Twenty-four  hours  after  inoculation  the  lip  and  palate  show  a  white  line 
surrounded  by  a  hyperemic  mucosa.  Nose  negative.  Body  temperature 
39. 8°  C. 

Forty-eight  hours.  Lip  and  palate  show  irregular  elevation  with  opacity 
and  a  peripheral  flush  at  the  site  of  inoculation.  Nose  negative.  Body 
temperature  38. 20  C 

Three  days.  Lip  presents  a  yellow  eroded  area,  two  by  five  millimeters, 
surrounded  by  a  pink  areola.  Palate  shows  an  opaque  white  area,  two  by 
five  millimeters,  surrounded  by  reddened  mucosa.     Body  temperature 

39°  C 

Five  days  Lesions  on  lip  and  palate  somewhat  increased  in  extent. 
The  inoculation  in  the  nose  evidently  did  not  take.  Body  temperature 
39.40  C.  Animal  killed  and  autopsied  at  once.  Viscera  present  no 
macroscopic  lesions. 

A  series  of  ten  monkeys  were  inoculated  on  the  palate 
alone  and  a  scries  of  nine  upon  the  nasal  mucosa  alone.  The 
results  of  the  inoculations  were  similar  to  the  experiments 
detailed  above. 
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SUMMARY. 

The  lesion  which  develops  on  the  inner  side  of  the  lip  of 
the  monkey  following  inoculation  with  vesicle  contents  pre- 
sents the  following  macroscopic  characters : 

After  twenty-four,  hours  the  site  of  inoculation  shows,  at 
most,  a  slight  reddening  of  the  mucous  membrane  about  the 
scratch.  . 

After  two  days  a  narrow  white  line  is  seen  which  is  sur- 
rounded by  a  faint  red  flush. 

After  three  days  there  is  a  definite  opaque  white  area,  two 
or  more  millimeters  in  extent,  slightly  elevated  above  the 
general  surface.  This  area  is  more  or  less  eroded  and  is  sur- 
rounded by  a  distinct  zone  of  hyperemic  mucous  membrane. 

After  four  days  the  opaque  area  is  somewhat  eroded  and 
presents  as  a  shallow  ulcer  with  an  elevated  white,  often  sin- 
uous edge,  which  is  bordered  externally  by  reddened 
mucosa. 

From  this  time  on  the  lesion  presents  the  same  character- 
istics, the  only  change  being  due  to  a  gradual  extension  of 
the  process.  After  eight  or  nine  days  the  peripheral  flush 
fades  and  healing  begins.  This  process  results  in  complete 
repair  after  about  a  week. 

Inoculation  of  the  palate  causes  a  similar  lesion  to  that 
following  inoculation  of  the  lip,  and  the  lesion  runs  essentially 
the  same  course.  In  this  situation  the  lesion  is  less  apt  to 
become  eroded. 

After  inoculation  of  the  mucous  membrane  of  the  nose  it 
is  difficult  to  follow  the  process  from  day  to  day,  as  at  the 
time  when  the  lesion  is  undergoing  its  active  evolution  the 
swelling  of  the  mucous  membrane  which  accompanies  the 
process  prevents  inspection  during  life.  From  study  of  the 
site  of  inoculation  in  animals  killed  at  various  periods  it  is 
seen  that  the  evolution  of  the  lesion  in  the  nose  differs  prin- 
cipally from  those  on  the  lip  and  palate,  in  that  there  is  less 
tendency  to  form  an  ulcer.  When  the  inoculation  is  near 
the  anterior  nares  the  process  tends  to  spread  out  on  the  skin 
about  the  nostril  and  then  takes  on  the  characteristics  of  a 
skin  inoculation. 
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No  notable  constitutional  reaction  followed  the  inoculation 
of  the  mucous  membrane.  The  temperature  reaction  was 
indefinite.  A  general  exanthem  was  observed  in  two  of  the 
monkeys. 

Histology  of  the  primary  lesion.  —  Lip.  —  Sections  from 
lesions  collected  twenty-five  and  fifty-three  hours  after  inocu- 
lation show  no  evidence  of  a  specific  process.  The  defect  in 
the  epithelium  caused  by  the  inoculation  has  been  com- 
pletely repaired,  and  the  only  evidence  of  the  wound  is  a 
small  collection  of  fibrin  and  polynuclear  leucocytes  just  be- 
neath the  epithelium. 

Three  days  after,  inoculation  the  lesion  shows  specific 
characters,  and  we  find  an  area  in  which  the  epithelium  pre- 
sents a  pathological  change,  and  beneath  this  the  tissue  is 
infiltrated  with  polynuclear  leucocytes.  The  changes  in  the 
epithelium  consist  in  degeneration  and  disintegration  of  the 
epithelial  cells,  together  with  more  or  less  accumulation  of 
fluid  in  and  between  the  cells.  The  accumulation  of  fluid 
occurs  not  only  in  the  degenerating  portion  of  the  epithelium, 
but  also  at  the  sides  of  the  lesion.  The  processes  similar  to 
that  seen  in  a  skin  inoculation  of  the  same  duration. 

The  degeneration  of  the  epithelium  is  not  uniform,  and  we 
find  islands  of  comparatively  normal  cells  in  the  midst  of  areas 
where  the  affinity  of  the  nuclei  of  the  epithelial  cell  for  basic 
stains  is  lost.  Polynuclear  leucocytes  are  present  in  large 
numbers.  The  epithelium  at  the  edge  of  the  lesion  is  some- 
what thickened,  apparently  as  a  result  of  the  swelling  of 
individual  cells. 

After  four  days  the  lesion  shows  the  same  characteristics 
save  that  there  is  considerable  loss  of  substance  in  the  area 
of  degenerated  epithelium,  and  the  lesion  is  more  extensive. 
At  this  time  the  reaction  in  the  tissue  beneath  the  lesion  is 
well  marked,  and  proliferation  and  enlargement  of  the  endo- 
thelial cells  of  the  lymphatics  and  blood  vessels  is  apparent. 
Many  elements  of  the  lymphoid  and  plasma  cell  series  are 
present  about  the  vessels  beneath  the  lesion. 

Five  and  six  days  after  inoculation  the  lesions  are  similar 
in  character  to  those  just  described,  but  the  necrotic  area 
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becomes  sharply  limited    and  the  inflammatory  reaction 
beneath  is  more  intense. 

Lesions  of  seven  days  duration  show  evidence  of  beginning 
repair.  The  epithelium  at  the  edge  of  the  lesion  is  normal, 
and  the  lesions  consist  in  a  sharply  circumscribed  ulceration 
in  the  depths  of  which  repair  is  active.  Later  lesions  show 
the  epithelium  growing  inward  to  close  the  defect,  and  new- 
formed  blood  vessels  and  young  connective  tissue  cells  arc 
much  in  evidence  in  the  tissue  beneath. 

In  the  lesions  of  three,  four,  five,  six,  and  seven  days  dura- 
tion epithelial  cells  containing  cytoplasmic  phases  of  Cyto- 
ryctes  variolas  are  of  frequent  occurrence.  The  earlier  forms 
of  the  parasite  occur  at  the  margin  of  the  lesion,  the  latter 
forms  nearer  the  center.  Nuclear  phases  of  the  parasite  are 
also  found,  but  they  occur  later  than  the  cytoplasmic  phases. 

Nose.  —  The  primary  lesions  in  the  nose  vary  in  character 
according  to  the  locus  of  inoculation.  When  the  incision  is 
near  the  orifice  of  the  nostrils,  on  a  stratified  epithelium,  the 
lesion  conforms  to  the  type  described  on  the  lip.  When  the 
lesion  is  seated  higher  up,  upon  a  columnar  epithelium,  the 
process  in  the  submucous  tissue  is  most  marked.  In  such' a 
situation  the  bulk  of  the  degenerated  epithelial  cells  seems  to 
be  carried  off  almost  at  once,  and  we  find  but  little  thicken- 
ing of  the  mucous  layer.  The  submucous  tissue,  however, 
shows  accumulations  of  lymphoid  and  plasma  cells,  enlarge- 
ment and  proliferation  of  the  endothelial  cells  of  the  lym- 
phatics and  blood  vessels,  and  a  marked  polynuclear  leuco- 
cyte infiltration. 

Both  cytoplasmic  and  nuclear  phases  of  Cytoryctes  variolae 
are  present  in  the  epithelial  cells.  In  one  lesion,  of  five  days 
duration,  an  endothelial  cell  was  found  on  the  wall  of  a  lym- 
phatic, just  beneath  the  epithelium,  which  contained  a  cyto- 
plasmic form  of  the  parasite. 

Palate.  —  The  histology  of  the  primary  lesion  in  this 
situation  is  similar  to  that  seen  in  the  lesion  on  the  lip.  A 
lymphatic  with  cytoplasmic  forms  of  Cytoryctes,  in  the 
endothelial  cells  lining  its  wall,  was  found  beneath  a  lesion  of 
five  days  duration. 
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Histological  examination  of  the  viscera  showed  no  lesions. 
The  bone  marrow  and  testicle  were  carefully  examined  for 
local  lesions,  such  as  are  found  in  these  organs  in  variola  vera 
in  man,  but  none  could  be  demonstrated. 

Discussion.  —  The  disease  produced  by  variolation  of  the 
monkey  upon  the  mucous  membrane  of  the  lip,  nose,  and 
palate  is  characterized  by  the  development  of  a  self-limiting 
lesion  at  the  site  of  inoculation,  which  may  be  followed  by  a 
general  cutaneous  exanthem,  and  be  associated  with  an 
indefinite  constitutional  reaction. 

If  we  compare  the  initial  lesion  produced  on  the  mucous 
membrane  with  that  which  follows  a  similar  inoculation  on 
the  skin,  we  see  that  the  two  processes  are  similar  in  that 
they  run  a  definite  course  and  tend  to  heal  after  about  the 
same  interval  of  time.  The  microscopic  study  of  these  lesions 
shows  them  to  be  the  result  of  similar  cell  changes,  and  in 
each  the  parasite,  Cytoryctes  variolar,  is  found  associated 
with  the  process.  The  lesions  differ  in  that  on  the  mucous 
membrane  the  absence  of  a  crust  prevents  the  development 
of  a  vesicle  or  pustule,  although  an  accumulation  of  fl  'id 
between  the  cells  is  in  evidence  at  certain  stages  of  the  lesion. 
The  primary  lesion  on  the  mucous  membrane,  of  four  or  five 
days  duration,  simulates  closely  a  skin  lesion  of  the  same 
duration  which  has  lost  its  crust  through  rough  manipulation. 
The  primary  lesion  on  the  mucous  membrane  also  differs 
from  that  upon  the  skin  in  that  the  process  in  the  tissue 
beneath  the  lesion  is  more  exudative  and  proliferative  than 
necrotic. 

When  we  compare  the  other  manifestations  of  the  disease 
following  variolation  of  the  mucous  membrane  with  that 
following  skin  inoculation,  a  decided  difference  is  found. 
We  see  that  a  general  exanthem  is  much  less  apt  to  follow 
the  inoculation  of  the  mucous  membrane.  Of  nineteen 
animals  inoculated  in  the  nose,  on  the  lip,  or  on  the  palate, 
only  two  showed  a  general  exanthem.  In  both  these  animals 
the  lesion  of  the  eruption  were  few  in  number,  and  required 
microscopic  study  for  their  positive  diagnosis.    The  exanthem 
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occurred  in  a  trifle  over  ten  per  cent  of  the  animals.  This  is 
in  sharp  contrast  with  the  occurrence  of  the  exanthem  in 
variola  inoculata  from  skin  inoculation,  where  an  eruption 
develops  in  from  seventy  to  eighty  per  cent  of  the  animals. 

The  constitutional  reaction  in  monkeys  variolated  upon  the 
mucous  membrane  differs  in  degree  from  that  in  the  animals 
variolated  upon  the  skin.  We  do  not  find  such  an  abrupt 
elevation  in  the  body  temperature,  and  malaise  and  anorexia 
are  absent.  It  seems  reasonable  to  suppose  that  this  rela- 
tively slight  constitutional  reaction  is  conditioned  by  the 
physical  conditions  at  the  locus  of  inoculation.  The  initial 
lesion  on  the  mucous  membrane  is  practically  an  open  wound 
from  the  first  and,  consequently,  the  products  of  cell  destruc- 
tion and  any  toxins  produced  by  the  specific  organism  can 
readily  escape.  The  systemic  absorption  from  these  lesions 
on  the  mucous  membrane  must  be  quantitatively  much  less 
than  from  the  lesions  upon  the  skin. 

We  are  inclined  to  attribute  the  infrequency  of  the  ex- 
anthem in  this  series  of  animals  to  physical  conditions  at  the 
locus  of  the  primary  lesion.  At  the  time  of  inoculation  the 
amount  of  virus  which  enters  and  remains  in  the  scratch  must 
be  notably  less  than  when  the  skin  is  inoculated,  owing  to  the 
fact  that  the  surface  inoculated  is  bathed  with  fluids,  and  any 
exudation  stream  set  up  by  the  trauma  of  the  inoculation 
would  be  assisted  by  the  moist  condition  of  the  surface  and 
the  action  of  similar  opposed  surfaces  to  carry  off  the  bulk 
of  the  virus.  In  these  inoculations  there  can  be  no  such 
flooding  of  the  lymphatics  about  the  scratch  as  must  occur 
after  similar  inoculations  of  the  skin. 

The  type  of  disease  produced  by  variolation  upon  the 
mucous  membrane  conforms  in  general  to  that  which  follows 
inoculation  of  the  skin.  The  nature  of  the  primary  lesion 
and  the  time  of  occurrence  of  the  exanthem  relate  the  disease 
at  once  to  variola  inoculata.  The  absence  of  focal  lesions  in 
the  bone  marrow  and  testicle  differentiate  the  disease  from 
variola  vera  in  man. 
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CONCLUSIONS. 

1.  Inoculation  of  the  mucous  membrane  of  the  lip,  the 
nose,  or  the  palate  of  the  monkey  (M.  cynomologus)  with 
variola  virus  produces  a  disease  which  conforms  to  the  type 
of  variola  inoculata. 

2.  The  primary  lesion  on  the  mucous  membrane  is  similar, 
cytologically  and  histologically,  to  that  which' follows  variola- 
tion of  the  skin. 

3.  Cytoryctes  variolae,  in  both  the  cytoplasmic  and  the 
nuclear  phases,  are  present  in  the  lesions. 

4.  Cytoplasmic  forms  of  the  parasite  are  found  invading 
endothelial  cells  of  lymphatics  beneath  the  lesions  of  five  days 
duration. 
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5-     ON  THE  OCCURRENCE  OF  VARIOLA  VERA  IN  MONKEYS 
AND  IN  THE  ORANG  UTAN. 

In  the  preceding  sections  we  have  shown  that  the  monkey 
and  the  orang  utan  react  in  a  definite  manner  to  inoculation 
with  the  virus  of  smallpox.  This  reaction  consists  in  the 
development  of  a  disease  which  conforms  closely  to  the  type 
of  smallpox  in  man  which  follows  deliberate  inoculation  of 
the  skin  with  variola  virus.  In  short,  we  can  produce  in  the 
monkey  and  in  the  orang  utan  the  homologue  of  human 
variola  inoculata.  We  have  also  shown  that  if  the  epithelium 
of  the  cornea  or  of  the  mucous  membrane  of  the  nasal,  buccal, 
or  oral  cavity  be  chosen  as  the  locus  of  inoculation  the  same 
type  of  disease  is  produced.  The  experiments  upon  which 
this  section  is  based  were  devised  in  an  attempt  to  repro- 
duce in  the  monkey,  and  in  the  orang  utan,  a  disease  having 
the  clinical  features  of  variola  vera.  We  have  sought  to 
attain  this  end  by  changing  the  locus  of  inoculation  and  by 
subjecting  the  animals  to  conditions  in  which  man  contracts 
the  disease.  The  experiments  which  we  have  chosen  to  give 
in  detail  will  be  grouped  according  to  the  manner  in  which 
we  have  sought  to  bring  about  the  infection. 

(a.)  Inoculation  of  the  tracheal  epithelium  through  a 
tracheotomy  wound  with  the  contents  of  the  variola  vesicle. 

These  experiments  were  performed  to  determine  if  the 
course  of  the  disease  would  be  modified  by  the  initial  lesion 
being  seated  upon  the  columnar  epithelium  of  the  trachea. 
The  generally  accepted  hypothesis  of  smallpox  in  man  sup- 
poses a  "  protopustule "  in  the  respiratory  tract,  and  we 
proposed  to  deliberately  produce  such  a  lesion  by  direct 
inoculation  with  variola  virus. 

No.  144.  —  Adult  male,  M.  cynomologus.  Monkey  anesthetized  with 
chloroform  and  a  median  incision  made  in  the  neck  over  the  upper  part  of 
the  trachea.  Trachea  exposed  by  blunt  dissection.  The  upper  ring  of 
the  trachea  cut  and,  through  the  opening  so  made,  the  epithelium  on  the 
posterior  wall  slightly  scarified  and  inoculated  with  variola  virus  No.  167 
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(vesicle  contents).    The  skin  incision  closed  with  silk  sutures.  After 
four  days  the  operation  wound  showed  a  marked  inflammatory  reaction. 

On  the  ninth  day  of  the  experiment  six  red,  papular  elevations,  two  to 
three  millimeters  in  diameter,  were  seen  on  the  scrotum.  On  the  next  day 
papules  and  small  vesicles  were  found  on  the  face,  trunk,  and  extremities. 
( >n  the  eleventh  day  of  the  experiment  the  lesions  on  the  scrotum  pre- 
sented as  flat-topped,  umbilicated  vesicles  with  an  opaque  center  and  sur- 
rounded by  a  bright  red  areola.  The  evolution  of  these  lesions  was  com- 
parable with  that  seen  in  the  exanthem  of  a  case  of  discrete  variola  vera 
in  man.  A  distinct  pit  remained  after  the  healing  of  the  lesions.  One 
lesion  was  found  in  the  palm  of  the  hand.  The  body  temperature  rose  to 
400  C.  on  the  sixth  day  of  the  experiment  and  remained  elevated  until  the 
thirteenth  day. 

No  I39.  —  Adult  male,  M.  cynomologus.  Inoculated  in  the  same 
manner  as  previous  animal  A  profuse  general  exanthem  appeared  on  the 
seventh  day  of  the  experiment.  Animal  died  on  the  ninth  day.  At 
autopsy  extensive  cellulitis  of  the  neck  about  the  operation  wound. 
Smears  from  this  region  show  many  streptococci.  Mucous  membranes: 
in  cheek  pouches  about  a  dozen  opaque,  elevated,  sharply-circumscribed 
lesions,  three  to  four  millimeters  in  diameter  and  one  millimeter  high. 
One  similar  lesion  on  under  surface  of  tongue.  Similar,  though  smaller 
.lesions  are  found  scattered  over  the  surface  of  the  esophagus,  some  of 
which  are  eroded.  In  the  trachea,  at  the  site  of  inoculation,  is  a  red, 
slightly  elevated  area,  due  apparently  to  thickening  of  the  epithelium. 
Viscera:  no  macroscopic  lesions  found.  Skin:  vesicles  and  pustules, 
from  three  to  four  millimeters  in  diameter,  are  found  scattered  over  the 
face,  trunk,  and  extremities.  The  exanthem  consists  of  over  a  hundred 
lesions. 

Histological  examination.  —  Operation  wound:  subcutaneous  tissue 
contains  much  fibrin  and  finely  granular  precipitate.  There  is  considera- 
ble necrosis  of  the  underlying  muscle.  Polymorphonuclear  leucocytes  in 
all  stages  of  degeneration  are  present  in  large  numbers.  Many  small 
blood  vessels  are  thrombosed,  and  in  them  and  in  the  surrounding  tissue 
streptococci  are  demonstrable.  The  epithelium  at  the  edge  of  the  wound 
is  much  degenerated,  but  no  evidence  of  a  variolous  process  can  be  made 
out.  Cytoryctes  were,  however,  found  in  the  cells  of  the  thickened  corium. 
Trachea  :  the  epithelium  is  wanting  in  places,  and  in  other  areas  it  is  some- 
what thickened.  In  many  places  the  basement  membrane  is  broken.  The 
epithelial  cells  show  various  degenerations.  In  many  groups  of  cells 
cytoplasmic  phases  of  Cytoryctes  variolae  are  demonstrable.  The  vessels 
of  the  submucous  tissue  are  much  injected  and  in  one  is  a  mass  of  fibrin  in 
which  are  phagocytic  cells  containing  streptococci.  The  tissue  is  infil- 
trated with  polynuclear  leucocytes.  The  endothelial  cells  of  a  capillary, 
immediately  below  an  area  in  which  the  epithelium  shows  Cytoryctes,  are 
prominent  and  contain  cytoplasmic  phases  of  the  parasite.    Skin :  the 
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lesions  of  the  exanthem  present  the  characters  before  described  in  similar 
lesions  occurring  in  the  course  of  variola  inoculata  in  the  monkey.  Mucous 
membrane  :  the  lesions  in  the  cheek  pouches  consist  in  areas  of  degener- 
ated epithelium  in  which  groups  of  cells  are  stained  red,  the  nuclei  having 
lost  their  affinity  for  basic  dyes.  The  cytoplasm  is  finely  granular,  but 
the  cell  outlines  are  retained  Other  cells  are  present  whose  staining 
properties  are  unimpaired,  and  in  them  are  found  various  cytoplasmic 
phases  of  Cytoryctes  variola? .  In  the  upper  layers  of  the  degenerated 
epithelium,  particularly  towards  the  edge  of  the  lesion,  the  cells  are  sepa- 
rated by  fluid.  In  some  places  the  appearance  is  similar  to  that  seen 
near  the  edge  of  a  four-day  primary  lesion  in  the  skin.  Polynuclear  leu- 
cocytes are  present  in  the  epithelium  and  in  the  tissue  beneath,  although 
in  the  latter  situation  the  reaction  is  much  less  intense  than  it  is  beneath  a 
primary  lesion  of  the  mucous  membrane.  Esophagus :  small  areas  are 
present  in  which  the  epithelial  cells  are  swollen  and  their  nuclei  shrunken. 
Evidence  can  be  made  out  of  accumulation  of  fluid  in  and  between  the 
cells.  Cytoplasmic  forms  of  Cytoryctes. variolas  are  present  in  many  of  the 
cells.  Comparatively  few  polynuclear  leucocytes  are  present  in  the  lesion, 
and  there  is  practically  no  reaction  in  the  tissue  beneath.  Seminal  vesi- 
cles :  focal  lesions  are  present  in  the  septa  of  the  tubules.  The  lesions 
consist  of  collections  of  degenerated  cells  and  fibrin  which  lie  in  the  con- 
nective tissue  stalks  of  the  septa.  Associated  with  this  there  is  more  or 
less  degeneration  of  the  adjacent  epithelial  cells.  A  few  polynuclear  leuco- 
cytes are  present.  Many  of  the  epithelial  cells  contain  cytoplasmic  phases 
of  Cytoryctes  variolas.  Testicle:  normal.  Bone  marrow:  no  focal  lesions 
are  demonstrable.    The  lung,  liver,  spleen,  and  kidney  show  no  lesions. 

SUMMARY.  —  From  observation  of  the  trachea  in  animals, 
killed  at  various  times  after  the  inoculation,  it  was  seen  that 
a  distinct  process  occurs  at  the  site  of  inoculation.  Our 
data  on  this  point  seems  to  us  insufficient  to  form  the  basis 
of  a  description  of  the  stages  in  the  evolution  of  the  specific 
lesion  in  this  situation. 

A  general  exanthem  was  observed  in  three  of  the  four 
monkeys  of  this  series.  The  single  animal  that  did  not  show 
an  eruption  died  on  the  eighth  day  of  the  experiment.  The 
exanthem  appeared  on  the  seventh  day  in  one  animal,  on  the 
ninth  day  in  the  other  two.  The  exanthem  was  very  exten- 
sive and,  in  the  two  animals  in  which  it  appeared  on  the  ninth 
day  of  the  disease,  it  passed  through  an  evolution  similar  to 
that  of  the  eruption  of  variola  vera  in  man. 

The  constitutional  reaction  was  very  marked,  the  animals 
showing  anorexia  and  weakness  during  the  active  stage  of 
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the  disease.  This  marked  constitutional  reaction  may  be,  in 
part,  explained  by  the  intensity  of  the  pyogenic  process  in 
the  operation  wound.  The  temperature  reaction  was  similar 
to  that  seen  after  skin  inoculation,  showing  a  marked  nsq  on 
the  sixth  or  seventh  day. 

The  histological  examination  demonstrates  that  the  lesion 
at  the  site  of  inoculation,  and  the  lesion  of  the  exanthem  on 
the  skin  and  the  mucous  membranes,  was  variolous  in  type. 
In  one  animal  focal  lesions  were  demonstrated  in  the  seminal 
vesicles,  and  they  were  shown  to  be  specific. 

The  method  of  inoculation  used  in  this  series  of  experi- 
ments was  abandoned,  as  it  was  impossible  to  exclude  a  vari- 
olous infection  of  the  operation  wound.  Obviously  if  this 
were  to  take  place  the  experiments  would  be  merely  repeti- 
tions of  the  skin  inoculation  complicated  by  a  coincident 
infection  of  the  trachea. 

(£.)  Inoculation  of  the  epithelium  of  the  trachea,  with- 
.  out  tracheotomy,  with  the  contents  of  the  variola  vesicle. 
These  experiments  were  devised  to  overcome  the  difficulty 
experienced  in  the  previous  series  resulting  from  infection  of 
the  tracheotomy  wound.  This  series  consists  of  ten  mon- 
keys (M.  cynomologus),  of  which  one  will  be  described  in 
detail.  Six  animals  were  killed  at  various  times  after  the 
inoculation  to  obtain  material  for  histological  study. 

No.  33g. —Adult  male,  M.  cynomologus.  Monkey  anesthetized  with 
chloroform  and  a  large  glass  tube,  having  a  fire-burnished  end,  introduced 
into  the  larynx  through  the  mouth.  By  way  of  this  tube  instruments 
were  introduced  to  scratch  the  wall  of  the  trachea  and  to  inoculate  it  with 
the  virus.    Variola  virus  No.  328  was  employed. 

On  the  seventh  day  of  the  disease  the  body  temperature  rose  to  410  C, 
and  a  pink  papular  elevation,  one  millimeter  in  diameter,  appeared  on  the 
scrotum.  On  the  next  day  small  vesicles,  surrounded  by  a  bright  red  are- 
ola, were  present  upon  the  face,  scrotum,  hands,  and  feet.  On  the  follow- 
ing day,  the  ninth  of  the  experiment,  new  eruptive  lesions  were  found  on 
the  face,  the  scrotum,  and  the  palms  and  soles.  Animal  chloroformed  and 
autopsied  at  once.  Skin  lesions  as  described  above.  The  mucous  mem- 
brane of  the  trachea  is  congested  throughout  and  presents  several  opaque 
spots  on  which  are  minute  granular  elevations.  The  trachea  and  large 
bronchi  contain  much  slimy  mucus.    The  left  lung  presents  an  area  of 
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consolidation,  five  millimeters  in  extent,  about  the  primary  bronchus.  On 
section  this  area  is  reddish  brown  in  color  and  finely  granular.  Other 
organs  appear  normal. 

Histological  examination.  —  The  microscopic  study  of  the  organs  from 
these  monkeys  yielded  data  upon  the  variolous  lesion  in  situations  not  pre- 
viously described.  The  following  descriptions  are  selected  as  types  of  the 
lesions  found : 

No.  345.  — Trachea:  Lesion  of  three  days  duration.  The  basement 
membrane  is  intact.  There  is  no  reaction  in  the  submucous  tissue.  The 
epithelial  cells  in  a  small  area,  which  cm  be  included  in  a  single  field  of 
the  oil  immersion  lense,  contain  various  stages  of  the  cytoplasmic  forms 
of  Cytoryctes  variolas  Aside  from  the  vacuole  about  the  parasite  these 
cells  appear  normal. 

No.  348.  —  Trachea:  Lesion  of  six  days  duration.  The  epithelium  is 
thickened  in  places  and  frequently  tongue-like  projections,  composed  of  epi- 
thelial cells,  project  into  the  lumen.  There  is  widespread  infection  of  the 
epithelial  cells  with  cytoplasmic  phases  of  Cytoryctes  variolas.  In  places 
groups  of  epithelial  cells  have  lost  their  selective  staining  affinity,  and  are 
colored  an  even  red.  Occasionally  there  is  evidence  of  the  collection  of 
fluid  within  and  between  the  degenerated  cells.  Polynuclear  leucocytes 
are  numerous  and  are  found  in  the  epithelium  as  well  as  in  the  submucous 
tissue.  In  places  there  is  necrosis  and  accumulation  of  fibrin  in  the  sub- 
mucous tissue,  such  areas  occurring  beneath  breaks  in  the  basement  mem- 
brane. The  endothelial  cells  of  the  lymphatics  and  blood  vessels  of  the 
submucosa  are  prominent  and  frequently  contain  cytoplasmic  forms  of 
Cytoryctes  variolas. 

Lung:  Six  days  after  inoculation.  The  section  shows  a  large  bronchus 
and  the  surrounding  lung  substance.  The  epithelium  of  the  bronchus  is 
much  thickened  at  two  points  in  its  circumference.  In  these  areas  the 
cells  are  more  or  less  swollen  and  degenerated.  The  majority  of  the  cells 
contain  cytoplasmic  forms  of  Cytoryctes  variolas.  Polynuclear  leucocytes 
are  present  in  large  numbers  in  the  lumen  of  the  bronchus,  in  the  epithe- 
lium, and  in  the  peribronchial  tissue.  The  air  cells  for  a  considerable 
distance  from  this  bronchus  are  filled  with  cells,  fibrin,  and  granular  pre. 
cipitate.  The  relative  amount  of  each  of  these  constituents  varies  in 
different  air  cells,  but  in  general  the  granular  precipitate  predominates  in 
those  remote  from  the  bronchus.  The  cellular  elements  present  are  in  the 
main  polynuclear  leucocytes  and  epithelial  cells.  The  latter  are  found 
free  in  the  air  cells  and  also  attached  to  the  walls.  In  the  latter  situation 
they  are  frequently  cuboidal  in  form  and  lie  one  beside  another.  Mitoses 
are  frequently  present  in  these  cells.  Cytoplasmic  phases  of  Cytoryctes 
variolas  are  present  in  large  numbers  in  the  epithelial  cells  of  the  air  spaces. 
The  capillaries  in  the  septa  between  the  affected  air  cells  are  injected  with 
blood,  and  many  polynuclear  leucocytes  are  to  be  seen  in  them  and  migrat- 
ing through  their  walls. 
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Two  other  monkeys,  killed  seven  and  nine  days  after  inoculat.on, 
showed  small  areas  of  pneumonia  in  their  lungs.  In  both  cases  the  process 
was  characterized  by  proliferation  of  the  epithelial  cells  lining  the  alveoli. 
No  Cvtorvctes  were  demonstrable  in  these  lesions. 

The  exanthem  which  occurred  in  this  series  of  monkeys  was  examined 
histologically  and  found  to  be  similar  in  all  respects  to  that  which 
developed  in  the  other  variolated  monkeys. 

SUMMARY.— Four  animals  were  allowed  to  survive  long 
enough  to  show  an  exanthem.  Six  were  killed  at  various 
times  after  the  inoculation  in  order  to  inspect  the  initial 
lesion  and  to  obtain  material  for  histological  study.  In  each 
of  the  former  animals  an  exanthem  appeared ;  in  one  on  the 
eighth  day,  in  two  on  the  ninth  day,  and  in  one  on  the  tenth 
d;Ty.  The  exanthem  was  of  moderate  extent  and  showed  an 
evolution  intermediate  between  that  in  the  monkeys  inocu- 
lated through  a  tracheotomy  wound  and  the  average  case  of 
variola  inoculata  following  variolation  of  the  skin. 

The  constitutional  reaction  was  marked.    The  temperature 
.  reaction  was  definite,  consisting  of  a  distinct  rise  with  or 
immediately  before  the  appearance  of  the  exanthem. 

The  histological  examination  of  tissues  from  these  animals 
shows  that  a  lesion  similar  to  that  which  follows  variolation 
of  the  mucous  membrane  of  the  nose,  the  lip,  and  the  palate 
can  be  produced  by  inoculation  of  the  epithelium  of  the 
trachea.  In  one  animal  a  variolous  bronchitis  and  a  variolous 
pneumonia  was  demonstrable.  No  focal  lesions  were  found 
in  the  bone  marrow  or  testicle. 

A  series  of  five  Java  monkeys  (M.  nemestrinus)  were  inocu- 
lated in  the  same  manner  and  with  the  same  virus.  The 
results  of  these  experiments  were  unsatisfactory.  No  exan- 
them or  constitutional  reaction  was  observed,  and  we  were 
unable  to  demonstrate  a  specific  lesion  at  the  site  of  inocu- 
lation. 

(c.)  Inoculation  of  the  lung  by  inhalation  of  a  spray  of 
the  contents  of  the  variola  vesicle. 

These  experiments  were  performed  to  approximate  the 
conditions  under  which  natural  infection  with  smallpox  in 
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man  might  be  supposed  to  occur.  Of  course  the  dose  of 
virus  is  much  larger  than  it  possibly  could  be  under  natural 
conditions,  but  at  least  this  method  approaches  more  nearly 
epidemic  conditions  in  that  no  deliberate  trauma  to  an  epi- 
thelial surface  precedes  the  distribution  or  application  of  the 
contagium.  Five  animals  were  employed  in  this  series,  of 
which  the  following  is  selected  to  be  described  in  detail: 

No.  207.  —  The  monkey's  mouth  was  held  open  and  a  fine  spray  of 
vesicle  contents,  virus  No.  199,  was  thrown  into  the  throat  from  an  atom- 
izer. •  The  animal  was  observed  to  breath  while  the  spray  was  acting. 

No  distinct  temperature  reaction  was  noted  during  the  seventeen  days 
that  the  animal  was  kept  under  observation.  No  lesion  was  observed  to 
develop  on  the  visible  mucous  membranes.  On  the  seventh  day  of  the 
disease  a  papule  appeared  on  the  inner  aspect  of  the  right  arm,  at  the 
bend  of  the  elbow.  This  lesion  increased  in  size,  became  vesicular,  and 
on  tenth  day  was  distinctly  umbilicated.  The  contents  of  this  lesion  was 
used  to  inoculate  a  fresh  monkey  upon  the  skin  of  the  abdomen.  A 
typical  primary  lesion  developed,  and  was  followed  by  a  profuse  general 
exanthem. 

SUMMARY.  —  One  of  the  animals  of  this  series  was  killed 
five  days  after  inoculation.  Inspection  of  the  mucous  mem- 
brane showed  no  evidence  of  a  specific  lesion.  Sections 
from  various  parts  of  the  lungs  and  the  trachea  were  studied 
microscopically,  but  no  lesions  were  found.  The  four  animals 
remaining  were  under  observation  for  sixteen  days.  In  one 
of  them  a  single  eruptive  lesion  appeared  on  the  seventh  day 
of  the  experiment.  This  lesion  was  shown  to  be  specific  by 
inoculation  of  its  contents  upon  the  skin  of  a  fresh  monkey. 

No  constitutional  reaction  or  rise  of  temperature  was 
observed  in  this  series  of  monkeys. 

(d.)  Inoculation  of  the  lung  by  inhalation  of  dry  variola 
virus. 

These  experiments  were  devised  to  determine  if  variola 
vera  could  be  produced  in  the  monkey  by  employing  the 
contagious  material  in  a  dry  condition.  Two  series  of  experi- 
ments were  done,  in  one  dried  pustule  contents  was  used,  and 
in  the  other  a  powder  prepared  from  dessicated  crusts  or 
disks  of  a  case  of  variola  vera. 
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A  preliminary  experiment  was  performed  to  determine 
how  far  a  powder  blown  into  the  larynx  would  enter  the 
lung  A  large  monkey  was  anesthetized  with  chloroform 
and  a  glass  tube  containing  a  mixture  of  lycopod.um  and 
methylene  blue  powder  was  introduced  into  the  larynx. 
During  an  inspiration  the  powder  was  forcibly  blown  into 
the  lungs  The  animal  was  killed  at  once,  and  on  dissection 
the  smallest  bronchi  which  could  be  made  out  with  the 
naked  eye  were  found  stained  distinctly  blue.  Histological 
examination  of  the  lung  showed  lycopodium  spores  in  the 
bronchi  and  the  alveoli. 

No  j  6q  — A  monkey  was  put  under  chloroform  anesthesia  and  the  same 
procedure  was  followed  as  above  described,  except  that  dry  pustule  con- 
tents was  substituted  for  the  methylene  blue.  The  animal  was  kept  under 
observation  for  sixteen  days.  The  monkey  had  a  cough  from  the  fifth  to 
the  eighth  day  after  the  inoculation.  On  the  eighth  day  of  the  experiment 
the  body  temperature  rose  to  40. 5°  C,  and  an  abundant  general  exanthem 
appeared.  The  lesions  of  the  eruption  passed  through  an  evolution  which 
■  closely  simulated  that  seen  in  the  lesions  of  a  discrete  variola  vera  in  man. 
On  the  sixteenth  day  of  the  experiment  the  animal  was  vaccinated  on  the 
abdomen  with  virus  No.  1.    No  reaction  followed. 

Two  other  monkeys  were  inoculated  in  the  lung  in  the 
same  manner  and  with  the  same  virus.  One  of  these  de- 
veloped symptoms  like  that  above  described.  The  third 
animal  showed  a  distinct  rise  of  temperature  on  the  third  day 
of  the  experiment,  and  was  immune  to  subsequent  vaccination, 
but  did  not  develop  an  exanthem.  The  same  method  of 
inoculation  was  followed  in  another  series  of  five  monkeys, 
but  powdered  variola  disk  was  substituted  for  the  mixture 
of  pustule  contents  and  lycopodium. 

SUMMARY.  —  Two  of  the  animals  in  the  series  inoculated 
with  dried  pustule  contents  showed  an  exanthem.  The 
exanthem  appeared  on  the  eighth  day  of  the  disease  and  was 
profuse.  In  one  of  these  animals  the  evolution  of  the  eruption 
was  similar  to  that  seen  in  variola  vera  in  man.  A  cough 
was  noted  in  the  two  monkeys,  which  developed  an  exanthem. 
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The  constitutional  reaction  was  not  marked,  but  in  each  animal 
a  distinct  rise  in  body  temperature  was  observed.  The  fever 
began  on  the  eighth  day  in  two,  and  on  the  sixth  day  in  one. 

The  monkeys  inoculated  by  inhalation  of  pulverized  variola 
disks  showed  no  exanthem,  no  constitutional  reaction,  and  an 
indefinite  temperature  reaction.  One  animal  was  found  to  be 
refractory  to  a  subsequent  skin  inoculation  with  variola  virus. 

(e.)  Attempts  to  inoculate  the  monkey  by  exposure  to 
smallpox  fomites. 

In  the  series  of  inoculations  previously  described  we  em- 
ployed material  the  infectiousness  of  which  was  demonstrable. 
In  all  these  experiments,  although  they  approximate  some- 
what the  conditions  in  which  man  contracts  smallpox,  the 
amount  of  contagious  material  employed  was  excessive.  In 
the  series  to  be  described  we  attempted  to  place  the  animals 
under  conditions  which  experience  has  shown  would  result  in 
an  attack  of  smallpox  if  man  was  subjected  to  the  test, 
although  we  were  unable  to  demonstrate  the  presence  of  a 
contagium. 

No.  243.  — Adult  male,  M.  cynomologus.  This  monkey,  together  with 
four  others,  was  kept  in  a  cage  in  which  a  blanket  was  placed  that  had 
been  wrapped  around  a  smallpox  patient.  The  blanket  had  been  in  con- 
tact with  the  patient  for  six  hours  and  was  carried  from  the  ward  to  the 
animal  room  in  a  light-proof  sterile  bag.  The  blanket  was  left  in  the  cage 
with  the  monkeys  over  night.  Observations  were  recorded  upon  the 
monkeys  daily  for  a  period  of  sixteen  days,  during  which  time  no  eruption 
and  no  temperature  reaction  appeared.  The  animal  was  variolated  on  the 
skin  on  the  seventeenth  day  of  the  experiment  with  virus  No.  260.  A 
typical  primary  lesion  developed  at  the  site  of  inoculation. 

One  of  the  remaining  animals  of  this  series  died  on  the  fifteenth  day  of 
the  experiment,  before  the  immunity  had  been  tested  by  skin  inoculation. 
At  autopsy  there  was  no  evidence  of  variola  in  this  animal.  The  three 
other  monkeys  were  shown  to  be  susceptible  to  variolation  by  skin  inocu- 
lation. 

Summary.  —  Five  monkeys  showed  no  clinical  symptoms 
of  variola  after  exposure  to  a  smallpox  infected  blanket. 
Four  of  these  animals  were  subsequently  shown  to  be  sus- 
ceptible to  variola  by  skin  inoculation.    The  fifth  animal  died 
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before  its  immunity  was  tested,  but  no  anatomical  evidence 
was  found  that  it  had  contracted  variola. 

(/.)  Attempts  to  inoculate  the  monkey  by  exposure  to  a 
smallpox  patient. 

This  experiment  was  tried  as  a  further  test  of  the  reaction 
of  the  monkey  to  conditions  which  would  bring-  about  an  in- 
fection with  smallpox  in  man. 

No.  240.  —  Adult  male,  M.  cynomologus.  This  monkey,  and  four  others, 
were  placed  in  a  cage  which  was  kept  in  a  room  for  sixteen  hours  with  a 
smallpox  patient  in  the  vesicular  stage  of  the  disease.  The  animals  were 
kept  under  observation  for  sixteen  days.  No  eruption  and  no  tempera- 
ture reaction  was  observed.  On  the  seventeenth  day  of  the  experiment 
the  animal  was  inoculated  on  the  abdomen  with  variola  virus  No.  260. 
A  typical  primary  lesion  developed  at  the  site  of  inoculation. 

Of  the  four  remaining  monkeys  of  this  series  two  reacted  positively  to 
subsequent  variolation  on  the  skin,  while  two  gave  no  reaction. 

SUMMARY.  —  Five  monkeys  exposed  to  a  smallpox  patient 
did  not  develop  symptoms  of  variola.  Three  of  these  animals 
were  subsequently  shown  to  be  susceptible  to  variolation  by 
skin  inoculation. 

(g-.)  Attempt  to  inoculate  the  orang  utan  by  exposure 
to  smallpox  fomites. 

This  experiment  was  planned  to  determine  if  an  animal 
higher  in  the  scale  than  the  monkey  would  contract  small- 
pox, under  conditions  in  which  man  becomes  infected. 

No.  179. — A  young  female  orang  utan  was  given  a  blanket  which  had 
just  been  taken  from  a  case  of  smallpox  in  the  vesicular  stage  of  the  disease. 
The  animal  at  once  wrapped  herself  in  the  blanket  and  used  it  until  the 
following  day  when  a  clean  blanket  was  substituted  for  the  infected  one. 
During  the  following  eighteen  days  the  animal  was  kept  under  constant 
observation.  No  exanthem  appeared,  and  the  variations  in  the  body  tem- 
perature which  occurred  were  explained  by  intercurrent  infection.  The 
animal  was  subsequently  variolated  on  the  skin  and  yielded  a  positive 
reaction. 


Summary.  — An  orang  utan  exposed  to  smallpox  fomites 
did  not  develop  symptoms  of  variola.  The  animal  was  shown 
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subsequently  to  be  susceptible  to  variola  inoculata  by  skin 
inoculation. 

DISCUSSION.  —  The  experiments  detailed  above  were 
devised  to  produce  variola  vera  in  the  monkey  or  in  the 
orang  utan.  An  analysis  of  the  results  of  these  experiments 
shows  that  of  twenty-nine  monkeys  ten  developed  a  distinct 
group  of  symptoms.  Seven  of  the  remaining  animals  showed 
no  symptoms,  and  twelve  were  affected  in  an  indefinite  way. 
All  the  positive  results  were  obtained  where  some  product 
of  the  cutaneous  lesion  of  human  smallpox  was  introduced 
into  the  animal.  All  of  the  negative  results  were  in  experi- 
ments where  smallpox  fomites  or  the  air  of  a  smallpox  ward 
was  depended  upon  to  carry  the  contagium.  Fifteen  experi- 
ments, in  which  vesicle  contents  or  pustule  contents  was  either 
inoculated  upon  the  tracheal  mucous  membrane  or  blown 
into  the  lung,  yielded  ten  positive  results.  The  disease  pro- 
duced in  these  animals  was  characterized  by  the  develop- 
ment of  an  exanthem,  some  degree  of  constitutional  reaction, 
and  fever.  The  evolution  of  the  exanthem  was  usually  simi- 
lar to  that  seen  in  variola  inoculata,  but  in  three  animals  it 
resembled  the  eruption  in  a  mild  variola  vera.  The  exan- 
them appeared  between  the  seventh  and  tenth  day  of  the 
experiment.  The  constitutional  reaction  and  the  fever  ap- 
peared on  the  sixth,  seventh,  or  eighth  day  of  the  experiment. 

The  disease  which  occurred  in  these  animals  agrees  with 
that  type  which  follows  variolation  of  the  skin  of  the  monkey, 
and  we  have  no  difficulty  in  recognizing  it  as  variola  inocu- 
lata. 

The  negative  results,  which  followed  exposure  of  the 
monkey  and  the  orang  utan  to  smallpox  fomites  and  small- 
pox patients,  show  that  these  animals  do  not  develop  a  rec- 
ognizable form  of  variola  when  placed  under  conditions  that 
we  believe  would  produce  smallpox  in  man.  We  are  unable 
to  exclude  the  possibility  of  the  occurrence  of  variola  vera 
sine  exanthem  or  variola  inoculata  sine  exanthem  in  these 
animals.  The  two  monkeys  that  were  refractory  to  variola- 
tion after  exposure  to  a  smallpox  patient  might  owe  their 
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immunity  to  such  unrecognizable  forms  of  variola,  but  we 
arc  inclined  to  regard  this  phenomena  as  due  to  an  individ- 
ual peculiarity  of  the  animals  (natural  immunity). 

The  histological  study  of  the  tissues  from  these  series  of 
monkeys  brings  out  certain  points  of  interest.  The  epithe- 
lium of  the  trachea  is  shown  to  be  capable  of  harboring  the 
parasite  of  the  disease,  and  we  see  that  a  lesion  can  develop 
there  which  has  features  in  common  with  the  lesions  pro- 
duced by  variolation  of  other  mucous  membranes. 

The  occurrence  of  a  variolous  lesion  in  the  bronchus,  and 
associated  with  it  a  pneumonia  in  which  the  parasite  is  pres- 
ent, shows  that  the  organism  is  capable  of  multiplying  in  the 
deeper  parts  of  the  respiratory  tract.    This  fact  bears  upon 
the  pathogenesis  of  variola  vera  in  man.    It  is  quite  con- 
ceivable that  such  a  lesion  might  run  its  course  unnoticed, 
and  serve  as  a  focus  for  multiplication  of  the  organism  during 
the  incubation  period  of  the  disease.    We  have  shown  that 
Cytoryctes  variolar  is  capable  of  infecting  the  endothelial 
cells  of  capillaries  and  lymphatics.    It  is  easy  to  understand 
that  the  organisms  in  a  focus  of  variolous  pneumonia  might 
invade  the  adjacent  blood  vessels,  infect  endothelial  cells,  and 
so  be  carried  throughout  the  vascular  system.    If  such  an 
infected  endothelial  cell  were  to  lodge  in  a  capillary  adjacent 
to  an  epithelium  hospitable  to  the  organism,  an  eruptive  lesion 
would  result.    The  focal  lesions  in  the  seminal  vesicles  of 
one  of  the  monkeys  inoculated  in  the  trachea  is  doubtless 
due  to  such  a  process,  although  in  this  case  the  infected  endo- 
thelial cells  probably  came  from  vessels  beneath  the  tracheal 
inoculation.    In  variola  inoculata  the  tissue  at  the  site  of  the 
inoculation  is  flooded  with  organisms  at  the  time  of  inocula- 
tion, and  it  seems  probable  to  us  that  the  exanthem  develop- 
ing in  these  animals  results  from  endothelial  cells  infected  at 
this  time.    In  variola  vera  the  exanthem  appears  four  or  five 
rlays  later  than  in  variola  inoculata.    We  believe  this  interval 
to  be  associated  with  the  development  of  a  focus  of  variolous 
pneumonia  during  which  the  organisms  multiply,  and  finally 
invade  the  vessels. 
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CONCLUSIONS. 

1.  Inoculation  of  the  mucous  membrane  of  the  trachea 
of  the  monkey  (M.  cynomologus)  with  variola  virus  produces 
a  variola  inoculata  in  that  animal. 

2.  Inhalation  of  variola  virus  by  the  monkey  (M.  cyno- 
mologus) produces  a  variola  inoculata  in  that  animal. 

3.  Exposure  of  the  monkey  (M.  cynomologus)  and  the 
orang  utan  (Simia  satyrus)  to  smallpox  fomites  and  to  a 
smallpox  patient  does  not  produce  variola  vera,  or  any  other 
recognizable  form  of  variola,  in  these  animals. 

4.  Inoculation  of  the  mucous  membrane  of  the  trachea 
of  the  monkey  (M.  cynomologus)  with  variola  virus  is  fol- 
lowed by  the  development  of  a  variolous  lesion  on  the 
mucous  membrane  which  is  similar  to  that  produced  on 
other  mucous  membranes  by  similar  inoculations.  A  vario- 
lous lesion  may  develop  in  the  bronchi  and  be  associated 
with  a  pneumonia  in  which  Cytoryctes  variolar  are  present. 
The  development  of  the  specific  lesion  in  the  trachea  may  be 
followed  by  a  general  cutaneous  exanthem,  and  also  by  focal 
lesions  of  a  variolous  nature  in  the  seminal  vesicles. 

5.  Cytoryctes  variolar  can  invade  the  epithelial  cells  of 
the  trachea,  the  bronchi,  the  alveoli  of  the  lung,  and  the 
seminal  vesicles. 

6:  Cytoryctes  variolae  can  invade  the  endothelial  cells  of 
lymphatics  and  blood  vessels.  This  property  of  the  organ- 
ism probably  plays  an  important  part  in  the  production  of 
the  exanthem  in  variola. 
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Part  III. 

STUDIES  UPON  THE  IMMUNITY  REACTIONS  OF  THE  MONKEY 
OTTER  INOCULATION  WITH  VACCINE  OR  WITH  VARIOLA 
VIRUS. 

,.    On  the  immunity  reactions  of  the  monkey  after  inoculation  of  the  skin 
with  vaccine  or  with  variola  virus. 

2.  On  the  effects  of  the  locus  of  inoculation  upon  the  development  of  the 

immunity. 

3.  On  the  time  of  development  of  the  immunity  after  inoculation  of  the  skin 

with  vaccine  or  with  variola  virus. 

W.  R.  Brinckerhoff  and  E.  E.  Tyzzer. 

I.     ON  THE  IMMUNITY  REACTIONS  OF  THE  MONKEY  {Maca- 
cus  cynomologus)   AFTER  INOCULATION   OF    THE  SKIN 
WITH  VACCINE  OR  WITH  VARIOLA  VIRUS. 
In  this  section  we  propose  to  bring  together  certain  obser- 
vations upon  the  immunity  following  the   development  of 
vaccinal  or  variolous  lesions  upon  the  skin  of  the  monkey. 
The  data  bears  upon  the  general  problems  of  immunity  to 
vaccinia  and  to  variola,  and  we  will  show  certain  differences 
in  the  immunity  reactions  of  the  monkey  to  the  two  sorts  of 
virus  which  throw  light  upon  the  general  question  of  the 
inter-relationships  of  the  two  diseases. 

The  experiments  which  form  the  basis  of  this  section  were 
in  part  those  detailed  in  other  papers  of  this  series,  and  in 
part  experiments  performed  with  special  reference  to  the 
problems  here  treated. 

The  technic  used  for  inoculation  was  that  described  in 
previous  papers  of  this  series.  The  diagnosis  of  the  results 
of  the  second  inoculations  was  based  upon  the  descriptions 
already  given  of  the  specific  lesions  of  vaccinia  and  variola 
inoculata  in  the  monkey.  We  have  been  guided  wholly  by 
the  naked  eye  appearances.  In  our  experience  we  have 
rarely  been  in  doubt  as  to  the  specificity  of  a  vaccinal  or 
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variolous  skin  lesion 
where  we  could  not 
ment  has  been  ruled 


in  the  monkey, 
feel  certain  of  the 
out. 


In  the  few  instances 
diagnosis  the  experi- 


EXPERIMENTS. 

1.  Vaccination  of  the  skin  after  successful  vaccination  of 

the  skin. 

Thirteen  monkeys  were  selected  for  this  experiment.  Each 
animal  had  had  a  typical  vaccinal  lesion  of  the  skin  of  the 
abdomen  from  inoculation  with  virus  No.  I,  148,  236,246,  or 
251.  Twenty-two  days  after,  the  animals  were  vaccinated  on 
the  skin  of  the  abdomen  with  virus  No.  148.  All  these  at- 
tempted revaccinations  resulted  negatively.  At  the  site  of 
the  second  inoculation  there  was  only  the  usual  slight  reaction 
which  follows  a  scratch.  The  scratches  healed  as  if  no  virus 
had  been  used. 

2.  Variolation  of  the  skin  after  successful  vaccination  of 

the  skin. 

Six  monkeys  which  had  had  typical  lesions  on  the  skin  of 
the  abdomen  as  the  result  of  inoculation  with  vaccine  virus 
No.  1,251,  236,  246,  or  148,  were  selected  for  this  experiment. 
Each  animal  was  variolated  on  the  skin  of  the  abdomen  with 
virus  No.  52  or  200.  No  reaction  followed  the  second  inocu- 
lation. An  interval  of  from  thirty-eight  to  fifty-eight  days 
elapsed  between  the  two.  inoculations. 

3.    Vaccination  of  the  skin  after  variolation  of  the  skin. 
The  results  obtained  in  this  series  are  best  shown  by  pre- 
senting a  number  of  the  experiments  in  detail. 

*  No.  114.  —  Adult  male,  M.  cynomologus.  Variolated  on  the  skin  of  the 
abdomen  with  virus  No.  167  (vesicle  contents).  Animal  developed  a 
typical  variola  inoculata  including  a  general  exanthem.  On  the  thirty- 
seventh  day  after  the  variolous  inoculation  the  monkey  was  vaccinated  on 
the  skin  of  the  abdomen  with  virus  No.  148.  At  the  site  of  inoculation 
there  developed  a  lesion  which  had  all  the  characteristics  of  a  vaccine  pro- 
cess. The  lesions  only  differed  from  primary  vaccinations  in  the  extent  of 
the  process  and  in  the  indefiniteness  of  the  vesiculation.    The  lesions 
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passed  through  a  definite  evolution  and  healed  spontaneously.  We  had 
no  hesitation"  in  diagnosing  the  lesions  as  specific  but  atypical  reactions. 

The  experiment  was  repeated  on  two  other  monkeys  of  the  same  species 
with  identical  results  and  need  not  be  given  in  detail. 

No  ,  S3.  —  Adult  male,  M.  cynomologus.  The  monkey  was  variolated  in 
a  number  of  places  on  the  skin  of  the  abdomen  with  virus  No.  167  (vesicle 
contents) .  A  typical  primary  lesion  developed,  which,  however,  was  not  so 
extensive  as  in  the  other  animals  inoculated  at  the  same  time  with  the 
same  virus.    No  exanthem  was  noted. 

On  the  tenth  day  of  the  experiment  the  animal  was  vaccinated  on  the 
skin  of  the  abdomen  with  virus  No.  148.  An  atypical  reaction  resulted, 
similar  to  that  seen  in  the  monkeys  described  above. 

On  the  twenty-fifth  day  the  monkey  was  vaccinated  on  the  skin  of  the 
abdomen  with  virus  No.  I.    An  atypical  lesion  was  again  produced. 

No.  141.  — Adult  male,  M.  cynomologus.  Variolated  on  skin  of  abdomen 
with  virus  No.  167  (vesicle  contents).  Variola  inoculata  with  exanthem 
developed.  Twenty-eight  days  after  the  variolation  the  animal  was  vacci- 
nated on  the  abdomen  with  virus  No.  1.  No  reaction  followed  the 
vaccination. 

Two  other  monkeys  were  shown  to  be  immune  to  vaccina- 
tion of  the  skin,  with  virus  No.  I,  nineteen  days  after  a 
variolation  on  the  abdomen  with  virus  No.  167  (pustule  con- 
tents dried  with  lycopodium),  which  had  been  followed  by  a 
typical  primary  lesion  but  no  general  exanthem. 

4.    Variolation  of  the  skin  after  variola  inoculata. 
This    experiment  was  only  tried    in  one   instance  and 
showed  the  monkey  to  be  immune,  after  a  variola  inoculata, 
to  a  second  skin  inoculation  with  variola  virus. 

SUMMARY. 

1.  Vaccination  of  the  skin  in  thirteen  monkeys  protected 
against  subsequent  vaccination  of  the  skin. 

2.  A  vaccination  of  the  skin  in  six  monkeys  protected 
against  subsequent  variolation  of  the  skin. 

3.  A  variolation  of  the  skin  in  three  monkeys  protected 
against  subsequent  vaccination  of  the  skin.  In  the  case  of 
three  monkeys  the  following  vaccination  yielded  a  positive, 
though  an  abortive,  reaction.    Another  monkey  showed  an 
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abortive  reaction  with  two  successive  vaccinations  which 
were  subsequent  to  a  variolation. 

4.  Variolation  of  the  skin  in  one   monkey  protected 
against  a  subsequent  variolation  of  the  skin. 

5.  The  time  which  elapsed  between  the  first  and  second 
inoculation  in  these  monkeys  varied  between  ten  and  fifty- 
eight  days. 

6.  Three  of  the  monkeys  which  were  shown  to  be  sus- 
ceptible to  vaccination  after  successful  variolation  were 
tested  thirty-seven  days  after  the  inoculation.  The  three 
animals  of  the  same  series  that  were  refractory  to  the  vac- 
cination after  variola  inoculata  were  tested  twenty-eight  days 
after  the  primary  inoculation.  The  animal  which  did  not 
seem  to  acquire  an  immunity  to  inoculation  (No.  153)  was 
tested  on  the  tenth  and  twenty-fifth  days,  that  is,  previous  to 
the  date  in  which  complete  immunity  was  shown  to  exist  in 
three  monkeys,  and  to  the  date  in  which  three  were  shown 
not  to  be  immune  to  a  second  inoculation. 

DISCUSSION.  —  The  results  of  our  inoculations  conform  to 
the  general  law  that  vaccination  and  variolation  confer  an 
immunity  upon  the  affected  animal  to  subsequent  infection 
with  vaccine  and  variola  virus.  The  results  of  similar  inocu- 
lations in  man,  which  were  performed  in  the  early  days  of 
vaccination,  seem  to  have  yielded  more  constant  results  than 
we  have  obtained  in  monkeys.  The  immunity  conferred  by 
a  vaccine  lesion  of  the  skin  of  the  monkey  is  complete 
aeainst  later  inoculation  with  vaccine  and  variola  virus. 

The  conclusions  are  not  so  definite  in  primary  variolation. 
In  a  certain  proportion  of  animals  a  complete  immunity  to 
vaccination  on  the  skin  has  been  produced  by  a  previous 
variola  inoculata,  but  an  equal  number  show  only  a  diminished 
susceptibility  to  the  vaccine  virus.  These  observations  agree 
with  those  made  by  Roger  and  Wiel  on  Macacus  monkeys 
in  which  substantially  the  same  phenomenon  was  noted. 

In  seeking  for  an  explanation  of  this  partial  immunity  con- 
ferred by  variola  inoculata  against  vaccination  of  the  skin,  we 
might  refer  it  simply  to  a  dying  out  of  the  immunity,  for  we 
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find  the  completely  immune  animals  were  re-moculated  on 
the  twenty-eighth  day  of  the  experiment,  while  the  animals 
showing  partial  immunity  were  tested  on  the  thirty-seventh 
day  but  this  is  contradicted  by  the  single  animal  which  was 
shown  to  react  by  a  specific  process  to  three  success.ve 
inoculations,  with  an  interval  of  ten  and  fifteen  days,  w.th 
variola  and  vaccine  virus  (experiment  No.  1 53 )- 

The  explanation  that  there  is  a  qualitative  difference  in  the 
reaction  of  this  species  of  animal  to  the  two  viruses  is  not 
borne  out  by  experimental  inoculation.  The  inoculation  of 
variola  virus  affords  partial  protection  in  a  certain  percent- 
age of  cases,  and  absolute  protection  in  others  to  subsequent 
vaccination. 

A  third  possibility  lies  in  a  hypothetical  quantitative  dif- 
ference in  the  immune  substance  called  forth  by  the  two 
sorts  of  virus. 

It  seems  evident  that  the  immunity  which  the  animal  pre- 
sents to  the  skin  inoculation  must  depend  upon  certain  prop- 
erties  of  the  individual  conferred  upon  it  by  the  disease 
which  follows  the  fi-rst  inoculation.    The  weight  of  evidence 
is  in  favor  of  the  immunity  being  due  to  a  bactericidal  or 
germicidal  property  resident  in  the  blood  serum  (Sternberg 
and  Reed,  Beclere,  Chambon  and  Menard).    If  such  be  the 
case  the  animals  in  which  complete  immunity  to  vaccinia  fol- 
lows variolation,  and  in  which  complete  immunity  to  variola- 
tion follows  vaccination,  indicate  that  the  immune  property  of 
the  serum  of  the  inoculated  animal,  whether  vaccination  or 
variolation  be  practised,  is  identical.    We  then  would  expect 
to  find  simply  a  quantitative  difference  in  this  germicidal  prop- 
erty of  the  sera  of  the  animals  depending  upon  the  character 
of  the  virus  used  for  inoculation.    The  reason  that  variola 
inoculata  in  the  monkey  always  protects  against  an  inocula- 
tion with  variola  virus,  if  confirmed  by  more  experimental 
evidence  than  we  present,  would  be  that  this  species  is  less 
favorable  to  the  development  of  the  variola  than  to  the  de- 
velopment of  the  vaccine  contagium,  in  that  the  former  fails 
to  develop  in  monkeys  protected  by  previous  variolation, 
whereas  the  latter  develops  and  produces  a  lesion. 


326 


BRINCKERHOFF  AND  TYZZER. 


That  immunity  resulting  from  inoculation  of  the  monkey 
with  variola  virus  is  less  efficient  than  that  resulting  from 
vaccination  is  apparent  from  the  fact  that  vaccination  pro- 
tects against  both  subsequent  variolation  and  vaccination, 
while  variolation  protects  against  subsequent  variolation  and 
only  partially  against  subsequent  vaccination. 

At  the  present  time  technical  difficulties  prevent  the  put- 
ting of  the  quantitative  aspects  of  this  hypothesis  to  the 
test  of  experiment. 

CONCLUSIONS. 

1 .  A  vaccine  lesion  on  the  skin  of  the  monkey  (M.  cyno- 
mologus)  confers  upon  the  animal  an  immunity  to  subse- 
quent inoculation  of  the  skin  with  vaccine  or  with  variola 
virus. 

2.  A  variolous  lesion  on  the  skin  of  the  monkey  (M. 
cynomologus)  protects  the  animal  against  subsequent  inocu- 
lation of  the  skin  with  variola  virus,  but  does  not,  in  all  cases, 
protect  against  later  inoculation  with  vaccine  virus. 

3.  The  failure  of  variola  inoculata  in  the  monkey  to  pro- 
tect against  subsequent  skin  inoculation  with  vaccine  virus 
depends  upon  the  fact  that  this  species  of  animal  produces  a 
smaller  amount  of  the  germicidal  substance  necessary  to 
inhibit  a  second  inoculation  after  variolation  than  it  does 
after  vaccination. 
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2.  ON  THE  INFLUENCE  OF  THE  LOCUS  OF  INOCULATION 
UPON  THE  DEVELOPMENT  OF  THE  IMMUNITY  IN  VARI- 
OLA  AND  vaccinia  IN  THE  MONKEY  (Macacus  cyno- 
mologus). 

Introduction.  —  In  the  preceding  section  we  have 
studied  the  immunity  reactions  of  the  monkey  to  inoculation 
of  the  skin  with  variola  and  with  vaccine  virus,  and  have 
brought  out  certain  differences  in  the  immunity  produced  by 
the  two  viruses.  In  this  section  we  will  detail  experiments 
which  bear  upon  the  general  problem  of  the  immunity  reac- 
tions of  the  monkey  to  vaccine  and  to  variola  virus  from  a 
somewhat  different  point  of  view. 

In  testing  the  immunity  of  rabbits  after  skin  and  after 
corneal  inoculations  with  vaccine  virus  *Dr.  R.  L.  Thompson 
obtained  results  which  tended  to  show  a  difference  in  the 
degree  of  immunity  depending  on  the  locus  chosen  for  the 
primary  vaccination.  As  we  were  more  favorably  situated 
as  regards  facilities  and  animals  for  experimentation  we 
decided  to  continue  this  line  of  work  on  monkeys.  We  have 
extended  the  scope  of  the  experiments  so  as  to  include  both 
the  study  of  the  relative  immunity  produced  by  vaccination 
and  variolation  of  the  skin,  cornea,  and  mucous  membranes. 

Experiments. —  {a.)  Vaccination  of  the  cornea  after 
vaccination  of  the  skin.  This  experiment  was  performed 
upon  five  monkeys  (M.  cynomologus).  Each  animal  had 
had  a  typical  vaccinal  lesion  on  the  skin  as  a  result  of  an 
inoculation  with  virus  No.  1,  148,  236,  or  251.  Each  animal 
was  tested  twenty-two  days  after  the  first  inoculation  by  vac- 
cination of  the  skin  with  virus  No.  148.  The  cornea  was 
vaccinated  with  virus  No.  148  on  the  twenty-ninth  day  after 
the  initial  skin  vaccination.    The  animals  were  killed  after 

*  These  experiments  were  carried  on  in  the  Pathological  Laboratory  of  the  Boston 
City  Hospital  under  the  direction  of  Dr.  W.  T.  Councilman.  Owing  to  the  impossi- 
bility, at  the  time,  of  carrying  out  the  research  on  lines  extensive  enough  to  yield  defi- 
nite conclusions,  the  results  were  not  published. 
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forty-eight  hours,  and  paraffin  sections  of  the  corneas  were 
examined  microscopically. 

Four  of  the  monkeys  showed  no  specific  lesion  on  the 
cornea.  One  showed  a  typical  vaccinal  keratitis  with  prolif- 
eration of  the  epithelium  and  the  presence  of  numerous 
Cytoryctes. 

(b.)  Variolation  of  the  cornea  after  variola  inoculata  from 
skin  inoculation.  This  series  consisted  of  five  monkeys  which 
had  had  a  typical  primary  lesion  on  the  abdomen  following 
inoculation  with  variola  virus  No.  167  (disk).  Three  of 
these  animals  had  developed  a  general  exanthem. 

On  the  twenty-fourth  day  of  the  experiment  each  monkey 
was  inoculated  on  the  cornea  with  variola  virus  No.  167 
(vesicle  contents).  The  animals  were  killed  after  seventy- 
two  hours  and  the  corneas  studied  microscopically.  Each 
animal  presented  a  typical  variolous  keratitis  at  the  site  of 
inoculation,  and  Cytoryctes  were  present  in  large  numbers. 

(c.)  Variolation  of  the  skin  after  variolous  keratitis.  This 
experiment  was  performed  on  a  single  animal.  The  cornea 
was  inoculated  with  variola  virus  No.  200.  A  typical  lesion 
developed.  Eighteen  days  after  the  corneal  variolation, 
variola  virus  No.  252  was  inoculated  on  the  skin  of  the  abdo- 
men without  producing  a  lesion.  The  skin  inoculation  was 
repeated  on  the  forty-first  day  with  variola  virus  No.  307,  and 
again  no  reaction  followed. 

(d.)  Vaccination  of  the  skin  after  variolation  of  the 
mucous  membrane  of  the  palate.  The  five  monkeys  em- 
ployed for  this  experiment  had  developed  a  typical  vario- 
lous lesion  on  the  soft  palate  following  variolation  with  virus 
No.  167  (vesicle  contents).  Each  animal  was  vaccinated  on 
the  skin  with  virus  No.  148,  on  the  twenty-first  day  of  the 
experiment.  In  every  animal  a  typical  vaccine  lesion 
developed  at  the  site  of  inoculation. 

(e.)  Variolation  of  the  skin  after  variolation  of  the 
mucous  membrane  of  the  palate.  Three  monkeys  were 
selected  that  had  shown  a  typical  variolous  lesion  on  the 
soft  palate  after  inoculation  with  virus  No.  3°7-  Eighteen 
days  after  the  initial  inoculation  the  animals  were  variolated 
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on  the  abdomen  with  virus  No.  307.  Two  of  the  monkeys 
showed  no  reaction  to  the  skin  inoculation,  while  one  yielded 
a  typical  primary  lesion,  but  no  exanthem  developed. 

(/.)  Vaccination  of  the  skin  after  variolation  of  the 
mucous  membrane  of  the  lip  and  nose.  One  monkey  was 
inoculated  in  this  way.  Typical  variolous  lesions  developed 
on  the  inner  side  of  the  lip  and  on  the  nasal  septum  after 
inoculation  with  variola  virus  No.  167  (vesicle  contents). 
The  monkey  was  vaccinated  on  the  abdomen  with  virus 
No.  148  and  No.  1  on  the  seventeenth  and  forty-first  days, 
respectively.    No  lesion  developed  after  either  vaccination. 

(g.)  Vaccination  on  the  skin  of  the  temple  after  vaccina- 
tion of  the  abdomen.  Two  monkeys  that  had  had  a  typical 
vaccine  lesion  on  the  abdomen  were  later  shown  to  be 
refractory  to  vaccination  on  the  temple. 

SUMMARY. 

(<?.)  A  vaccine  lesion  of  the  skin  protects  against  subse- 
quent inoculation  of  the  cornea  with  vaccine  virus,  but  the 
protection  is  not  complete. 

(if.)  A  variola  lesion  of  the  skin  does  not  protect  against 
ubsequent  inoculation  of  the  cornea  with  variola  virus. 

(c.)  In  one  monkey  a  variola  lesion  on  the  cornea  pro- 
tected against  subsequent  inoculation  of  the  skin  with  variola 
virus. 

(d.)  A  variola  lesion  on  the  mucous  membrane  of  the 
palate  does  not  protect  against  subsequent  inoculation  of  the 
skin  with  vaccine  virus. 

(e.)  A  variola  lesion  on  the  mucous  membrane  of  the  palate 
does  not  protect  completely  against  subsequent  inoculation 
of  the  skin  with  variola  virus. 

(/.)  A  variola  lesion  on  the  mucous  membrane  of  the 
lip  and  nose  protected,  in  one  instance,  against  subsequent 
inoculation  of  the  skin  with  vaccine  virus. 

(g.)  A  vaccine  lesion  on  the  skin  of  the  abdomen  pro- 
tected against  subsequent  inoculation  of  the  skin  of  the 
temple  with  vaccine  virus. 
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Discussion.  —  The  summary  of  our  experiments  in  this 
section  demonstrates  that  the  immunity  produced  by  a  vario- 
lation on  the  mucous  membrane  is  lower  than  that  produced 
by  a  variolation  on  skin. 

We  have  already  shown  that  the  immunity  produced  by  a 
variolation  on  the  skin  is  lower  than  that  following  a  vaccina- 
tion on  the  skin,  and  we  find  that  this  is  emphasized  by  the 
results  of  inoculations  of  the  cornea  after  vaccination  and 
variolation  of  the  skin.  The  fact  that  even  vaccination  of 
the  skin  does  not  completely  protect  against  subsequent 
corneal  inoculation  with  vaccine  virus  illustrates  our  point 
with  regard  to  the  quantitative  relation  of  the  two  immunities. 

In  interpreting  the  results  of  these  inoculations,  the  follow- 
ing factors  must  be  considered,  viz. : 

a.  The  locus  of  the  initial  inoculation. 

b.  The  virus  used  in  the  initial  inoculation. 

c.  The  locus  of  the  second  inoculation. 

d.  The  virus  used  in  the  second  inoculation. 

Bearing  these  factors  in  mind  we  see  that  loci  chosen  for 
initial  inoculations  bear  the  following  relation  to  the  resulting 
immunity : 

The  immunity  conferred  by  skin  locus  is  greater  than  that 
of  the  cornea,  and  that  of  the  cornea  is  greater  than  that  of 
the  mucous  membrane.  The  immunity  conferred  by  vaccine 
is  greater  than  that  conferred  by  variola  as  we  have  already 
indicated  in  the  preceding  section. 

The  influence  of  the  locus  of  the  second  inoculation  can 
only  be  estimated  in  regard  to  the  cornea  and  skin  when  we 
find  that  the  immunity  conditioned  by  the  initial  inoculation 
is  less  efficacious  when  the  cornea  is  chosen  than  when  the 
skin  is  the  site  of  the  second  inoculation. 

The  influence  of  the  sort  of  virus  used  in  the  second  inoc- 
ulation upon  the  test  seems  to  indicate  that  the  vaccine  virus 
is  more  potent  than  the  variola  virus  in  that  it  may  produce 
a  lesion  in  an  animal  in  which  there  is  complete  protection  to 
inoculation  with  variola. 

We  find,  in  short,  that  the  skin  is  a  relatively  more  effica- 
cious locus  than  the  cornea,  and  the  latter  locus  is  more 


VARIOLA  AND  VACCINIA  IN 


QUADKUMANA. 


331 


efficacious  than  the  mucous  membrane  in  immunity  produc- 
tion. The  immunizing  power  of  vaccine  virus  is  higher  than 
that  of  variola  virus. 

If  we  interpret  the  experiments  above  in  the  light  of  the 
hypothesis  elaborated  in  the  previous  section,  and  keep  in 
mind  the  physical  conditions  at  the  various  loci  of  inocula- 
tion we  feel  that  the  phenomena  observed  are  quite  con- 
sistent. 

A  variolation  of  the  cornea  after  skin  variolation  succeeds 
because  the  total  amount  of  immune  substance  present  in  the 
individual  is  relatively  small,  owing  to  the  character  of  the 
virus  used  in  the  initial  inoculation,  and  because  the  physical 
conditions  on  the  cornea  do  not  favor  a  free  mixing  of  the 
immune-bearing  plasma  with  the  inoculated  virus. 

In  the  case  of  a  skin  vaccinated  monkey  a  vaccination  of 
the  cornea  only  rarely  succeeds  because  the  relatively  large 
amount  of  immune  substance  present,  even  under  the  adverse 
physical  conditions  in  the  cornea,  usually  is  sufficient  to  pro- 
duce a  germicidal  effect  upon  the  inoculated  virus.  We  feel 
that  the  fact  of  an  occasional  animal  yielding  a  positive 
reaction  to  such  a  second  inoculation  only  emphasizes  our 
view  that  the  phenomenon  is  a  quantitative  one. 

In  the  case  of  the  mucous  membrane  the  physical  condi- 
tions doubtless  factor  largely  in  its  low  immunizing  power  as 
a  locus  of  initial  inoculation.  Study  of  the  lesion  on  the 
mucous  membrane  shows  that  almost  from  the  first  an  open 
wound  is  present  at  the  site  of  inoculation.  This  condition 
would  favor  the  discharge  of  toxin  and  products  of  degener- 
ation of  the  organism,  and  would  be  unfavorable  for  the  pro- 
duction of  an  immune  substance  which  resulted  from  the 
reaction  of  the  host  cells. 

The  high  potentiality  of  the  skin  for  immunity  produc- 
tion as  a  locus  of  the  initial  inoculation  is  in  sharp  contrast 
with  that  of  the  mucous  membrane,  and  the  physical  con- 
ditions are  in  keeping  with  the  interpretation  given  above. 
In  a  skin  lesion  the  greater  part  of  the  products  of  the 
lesion  must  be  absorbed  and  go  to  produce  the  general 
immunity. 
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It  seems  probable  from  the  histological  study  of  the  speci- 
fic lesion  in  the  nose  that  that  locus  would  stand  nearer  to  the 
skin  than  the  lip  or  palate  in  its  potentiality  for  immunity 
production.  We  feel  that  our  data  are  insufficient  for 
generalization  on  this  point. 

CONCLUSIONS. 

1.  The  degree  of  protection  conferred  by  a  vaccinal  or 
variolous  lesion  on  the  monkey  (M.  cynomologus)  is  condi- 
tioned by  the  locus  chosen  for  inoculation  as  well  as  by 
which  virus  is  employed. 

2.  The  varying  degree  of  immunity  production  which 
follows  the  development  of  vaccinal  or  variolous  lesions  at 
different  loci  of  inoculation  is  dependent  upon  the  physical 
conditions  there  present. 

3.  The  outcome  of  an  inoculation  of  an  animal  which  has 
had  a  variolous  or  vaccinious  lesion  depends  upon  the  locus 
and  upon  the  virus  employed  in  the  second  inoculation,  as 
well  as  upon  the  locus  and  upon  the  virus  employed  in  the 
first  inoculation. 
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3.  ON  THE  TIME  OF  DEVELOPMENT  OF  THE  IMMUNITY 
AFTER  INOCULATION  OF  THE  SKIN  OF  THE  MONKEY 
WITH   VACCINE  AND  WITH  VARIOLA  VIRUS. 

Introduction.  —  The  following  experiments  were  planned 
to  show  what  interval  elapses  between  the  inoculation  of  the 
monkey's  skin  with  vaccine  or  variola  virus  and  the  develop- 
ment of  an  immunity  inhibiting  further  inoculations.  The 
results  of  these  experiments  bear  upon  the  general  problem 
of  the  diseases,  and  particularly  upon  that  of  the  causation 
of  the  exanthem  in  variola  inoculata.  The  experiments  are 
arranged  in  three  series,  as  follows : 

(a.)    Daily  inoculation  of  the  skin  with  vaccine  virus. 

Five  monkeys  (M.  cynomologus)  were  selected  and  each  received  upon 
the  skin  of  the  abdomen  a  single  vaccination,  daily,  for  nine  days.  The 
development  of  each  lesion  was  observed,  and  objective  descriptions 
recorded  from  day  to  day.    Vaccine  virus  No.  148  was  employed. 

No.  108.  — The  lesions  from  vaccinations  performed  on  the  second, 
third,  fifth,  sixth,  and  seventh  days  of  the  experiment  showed  a  typical 
development.     Those  from  inoculations  on  the  first  and  fourth  day^ 
were  abortive  in  character,  vesiculation  not  being  complete.    The  inocula- 
tions done  on  the  eighth  and  ninth  day  were  entirely  negative. 

No.  109.  —  The  first/second,  third,  fourth,  and  sixth  vaccinations  were 
positive,  while  no  reaction  followed  those  on  the  fifth,  seventh,  eighth,  and 
ninth  days  of  the  experiment. 

No.  no.— The  first  to  the  fifth  vaccinations,  inclusive,  resulted  posi- 
tively, while  those  on  the  four  succeeding  days  were  not  followed  by  a 
reaction. 

No.  1 11.  —  The  first  to  the  fifth  vaccinations,  inclusive,  yielded  a  typical 
vaccine  process,  while  the  remaining  four  were  without  result. 

No.  112.  —  The  first,  second,  third  vaccinations  were  negative,  the 
fourth  was  abortive,  and  the  fifth,  sixth,  seventh,  eighth,  and  ninth  were 
negative. 

(£.)    Daily  inoculation  of  the  skin  with  variola  virus. 

Eight  monkeys  (M.  cynomologus)  were  used  in  this  series  of  experi- 
ments. Each  animal  received  a  single  inoculation  with  variola  virus  daily. 
Variola  virus  No.  167  (vesicle  contents),  No.  199,  or  No.  200,  was  em- 
ployed, and  after  the  final  inoculation  the  sample  was  tested  by  inoculation 
upon  the  skin  of  a  fresh  monkey  and  shown  to  be  still  potent. 
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No.  136.  —  The  inoculations  on  the  first,  second,  third,  fourth,  and 
fifth  days  of  the  experiment  yielded  typical  lesions.  The  fifth,  sixth,  and 
seventh  inoculations  were  not  followed  by  a  lesion.  A  general  exanthem 
developed  on  the  ninth  day  of  the  experiment. 

No.  137.  — The  first  to  the  fourth  inoculations,  inclusive,  were  positive, 
while  the  remainder  were  negative.  An  exanthem  appeared  on  the  ninth 
day. 

No.  138.  —  The  first  four  inoculations  were  positive,  while  the  last 
three  were  negative.  An  exanthem  developed  on  the  eighth  and  ninth 
days. 

No.  213.  —  The  first,  second,  third,  and  fourth  inoculations  were  posi- 
tive, while  the  fifth,  sixth,  and  seventh  were  negative.  On  the  seventh, 
eighth,  and  ninth  days  a  general  exanthem  was  observed. 

No.  214.  —  The  inoculations  on  the  second  and  third  clays  yielded 
positive,  those  on  the  first  and  fourth  abortive,  and  those  on  the  fifth, 
sixth,  and  seventh  negative  reactions.    No  general  exanthem  developed. 

No.  215.  —  The  first  four  inoculations  were  positive,  the  fifth  was 
questionable,  the  sixth  and  seventh  were  negative.  No  exanthem 
developed. 

No.  116.  —  The  first,  second,  and  third  inoculations  were  positive,  the 
fourth  was  questionable,  the  fifth,  sixth,  and  seventh  were  negative.  A 
general  exanthem  appeared  on  the  eighth  and  ninth  day. 

No.  117.  —  The  first  four  inoculations  were  positive,  the  fifth  was 
questionable,  the  sixth  and  seventh  were  negative.  An  exanthem  appeared 
on  the  ninth  day. 

(c.)    Simultaneous  inoculation  with  vaccine  and  variola  virus. 
Five  monkeys  were  selected  and  inoculated  on  the  left  groin  with  vac- 
cine virus  No.  1,  and  on  the  right  side  of  the  'chest  with  variola  virus 
Nq.  200. 

Four  animals  reacted  typically  to  both  inoculations,  and  two  of  these 
developed  an  exanthem  on  the  ninth  day  of  the  experiment.  The  fifth 
monkey  reacted  typically  to  the  vaccine  virus,  but  did  not  show  a  process 
at  the  site  of  the  inoculation  with  variola  virus  or  develop  an  exanthem. 

SUMMARY. 

1.  In  two  monkeys  daily  inoculations  with  vaccine  virus 
ceased  to  produce  a  positive  lesion  five  days  after  the  first 
inoculation. 

2.  Three  monkeys,  similarly  vaccinated,  failed  to  react 
six  days  after  the  first  successful  inoculation. 

3.  In  four  monkeys,  inoculated  daily  with  variola  virus, 
positive  reactions  were  not  obtained  four  days  after  the  first 
inoculation. 
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4  In  two  monkeys,  inoculated  daily  with  variola  virus, 
an  abortive  lesion  followed  the  inoculation  done  four  days 
after  the  first  inoculation,  and  in  two  animals  a  similar  lesion 
developed  from  an  inoculation  performed  three  days  after  the 
primary  inoculation. 

5.  Six  of  the  eight  monkeys  subjected  to  daily  inocula- 
tions with  variola  virus  developed  an  exanthem.  The  erup- 
tion was  first  present  on  the  ninth  day  in  two,  on  the  eighth 
day  in  three,  and  on  the  seventh  day  of  the  experiment  in 
one. 

6.  The  interval  between  the  last  successful  daily  inocula- 
tion (counting  abortive  lesions  as  positive)  and  the  appear- 
ance of  the  exanthem  was  five  days  in  two  monkeys,  four 
days  in  three,  and  three  days  in  one. 

7.  Four  monkeys  reacted  to  both  vaccine  and  variola 
virus,  simultaneously  inoculated,  by  the  development  of 
typical  lesions  which  developed  apparently  without  influenc- 
ing one  another.    Two  of  these  animals  developed  a  general 

.  exanthem  on  the  ninth  day  of  the  experiment. 

DISCUSSION.  —  A  comparison  of  the  results  of  daily  inoc- 
ulation of  the  skin  with  vaccine  vims  with  the  results  follow- 
ing similar  inoculation  with  variola  virus  shows  that  there 
is  a  distinct  difference  in  the  time  of  onset  of  the  immunity. 

In  the  experiments  where  vaccine  was  used  the  refractori- 
ness to  skin  inoculation,  if  judged  by  the  day  on  which  the 
first  unsuccessful  inoculation  was  performed,  appeared,  on 
an  average,  during  the  seventh  day  of  the  experiment.  That 
is  to  say,  the  seventh  daily  inoculation,  which  was  performed 
six  days  after  the  first  successful  insertion,  fails  to  show  a 
specific  reaction. 

In  the  series  where  variola  virus  was  employed  this  refrac- 
toriness to  reinoculation  appeared,  on  an  average,  during 
the  fifth  day  of  the  experiment. 

Without  committing  ourselves  to  the  exact  date  of  onset 
of  the  immunity,  we  may  yet  assert  from  this  that  it  is  of 
earlier  development  in  variola  inoculata  than  in  vaccinia. 
The  determination  of  the  exact  day  of  development  of  an 
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immunity  to  subsequent  skin  inoculation  cannot  be  accu- 
rately determined  by  this  procedure.  In  studying  the  evolu- 
tion of  a  vaccine  or  a  variola  lesion  on  the  skin  we  see  that 
an  interval  of  from  seventy-two  to  ninety-six  hours  intervenes 
between  the  inoculation  and  the  appearance  of  a  process 
diagnosable  by  the  naked  eye. 

That  this  incubation  period  is  apparent  rather  than  real, 
as  shown  by  microscopic  study  of  sections  from  the  inocula- 
tion sites,  does  not  help  us  in  this  connection.  By  the 
methods  adopted  in  these  experiments  we  are  in  doubt  for 
three  days  as  to  the  outcome  of  our  inoculation.  At  any 
time  during  this  period  the  development  of  the  lesion  may 
be  checked  by  the  onset  of  the  immunity.  We  see  then 
that  the  fact  that  the  inoculations  on  the  first  four  days 
of  an  experiment  result  in  a  diagnosable  lesion,  while  those 
on  the  fifth  day  and  on  succeeding  days  do  not  develop  to 
a  diagnosable  condition,  does  not  fix  the  date  of  onset  of 
immunity  at  the  fifth  day.  Obviously  an  inoculation  done 
on  the  fifth  day  might  not  appear  in  the  records  of  the 
experiment  as  a  positive  reaction  if  the  immunity  developed 
even  two  days  later,  as  the  lesion  would  be  inhibited  before 
recognizable. 

We  must  conclude,  therefore,  that  the  onset  of  the  im- 
munity is  not  before  the  date  of  the  last  successful  inocula- 
tion, and  may  be  as  much  as  three  days  later.  Applying 
this  conclusion  to  our  experiments,  where  daily  inoculation 
was  practised,  we  see  that  the  development  of  immunity  to 
reinoculation  of  the  skin  with  vaccine  virus  may  manifest 
itself  at  any  time  between  the  sixth  and  the  eleventh  day, 
and  to  reinoculation  with  variola  virus  between  the  fifth  and 
the  eighth  day.  These  figures  are  arrived  at  by  selecting 
the  days  of  the  earliest  unsuccessful  inoculation  for  the 
earliest  date,  and  the  day  of  the  latest  unsuccessful  inocula- 
tion plus  three  for  the  latest  date.  These  limits,  while  wide, 
are  as  narrow  as  we  believe  to  be  warranted  by  the  method 
of  experimentation  adopted. 

The  appearance  of  a  general  exanthem  in  the  animals, 
inoculated  daily  with  variola  virus,  from  three  to  five  days 
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after  the  last  successful  insertion  of  virus  on  the  skin,  seems 
at  first  sight  difficult  to  explain.    If  we  allow  for  a  three-day 
interval  between  the  invasion  of  the  skin  and  the  appearance 
of  the  eruptive  lesion  we  see  that  this  brings  the  date  of 
invasion,  and  hence  the  period  of  intravascular  transit  of 
the  organisms,  to  within  the  limits  set  for  the  onset  of  the 
immunity.    The  number  of  organisms  which  go  to  produce 
a  regular  eruptive  lesion  are  undoubtedly  very  much  less  than 
those  introduced  in  an  inoculation  of  the  skin  with  virus. 
As  the  growth  of  the  lesion  depends  upon  the  multiplication 
of  the  organisms,  it  is  probable  that  the  interval  between 
invasion  of  the  skin  and  the  appearance  of  the  exanthem 
lesion  is  longer  than  that  between  inoculation  of  the  skin 
with  virus  and  the  diagnosable  stage  of  the  primary  lesion. 
We  must  conceive  of  the  organisms  which  are  to  produce 
the  exanthem  as  passing  from  the  primary  lesion  to  the  skin 
before  the  date  of  onset  of  the  immunity.    By  comparing  the 
dates  we  can  readily  understand  how  the  organisms  might 
make  this  intravascular  journey  before  the  immunity  de- 
veloped.   Another  explanation  lies  in  the  possibility  that 
phagocytes  act  as  carriers  and  as  protectors  of  the  organism 
from  the  immune  plasma.    The  development  of  an  exanthem 
is  therefore  quite  consistent  with  our  conclusions  with  regard 
to  the  time  of  onset  of  the  immunity.    The  brief  evolution 
and  abortive  development  of  the  lesion  of  the  exanthem  is 
what  might  be  expected  in  an  animal  which  had  already 
developed  such  a  germicidal  power  in  its  plasma  that  its 
presence  in  the  inoculation  wound,  and  in  the  subsequent 
exudate  stream  of  inflammatory  origin,  inactivated  the  virus 
introduced  at  the  site  of  a  skin  inoculation. 

In  the  lesion  developing  spontaneously  on  the  skin  the 
immune  plasma  doubtless  does  not  have  as  free  access  to 
the  organisms  as  is  the  case  where  the  virus  is  mixed  in  a 
scratch  with  fresh  drawn  blood  serum. 

The  phenomenon  of  an  exanthem  in  variola  inoculata  and 
its  absence  in  vaccinia  is  not  explained  by  these  experiments. 
Had  it  proved  that  the  general  immunity  was  of  notably  later 
development  in  variola  inoculata  the  exanthem  producing 


338 


BRING KERHOFF  AND  TVZZER. 


quality  of  variola  virus  would  have  been  readily  explained. 
The  reverse,  however,  seems  to  be  the  case,  and  we  have  to 
seek  further  for  the  explanation  of  this  fundamental  differ- 
ence between  the  two  viruses. 

Simultaneous  variolation  and  vaccination  of  the  monkeys 
shows  that  the  synchronous  development  of  a  vaccine  lesion 
has  no  effect  upon  the  appearance  of  the  exanthem  of  variola 
inoculata.  The  fact  that  vaccination,  on  or  about  the  date 
of  exposure  to  smallpox,  inhibits  the  production  of  clinical 
types  of  variola  vera  characterized  by  an  exanthem  empha- 
sizes the  difference  between  the  diseases  variola  vera  of  man 
and  variola  inoculata  of  monkeys. 

In  a  previous  section  we  have  shown  that  the  immunity 
potential  of  the  mucous  membrane  is  low.    In  variola  vera 
it  seems  exceedingly  probable  that  the  atrium  of  infection 
and  the  site  of  the  primary  lesion  is  on  a  mucous  membrane. 
If  such  be  the  case  we  would  expect  that  little  if  any  immu- 
nity would  develop  as  a  result  of  the  evolution  of  this  lesion, 
and  the  organisms  that  seek  the  skin  to  produce  the  exan- 
them would  develop  in  a  practically  unimmunized  animal. 
This  agrees  with  the  course  of  the  exanthem  in  a  typical 
variola  vera  in  man.    In  other  cases  of  smallpox  the  exan- 
them shows  an  evolution  very  like  that  in  variola  inoculata 
(variola  abortives),  or  is  absent  (variola  sine  exanthem),  and 
in  these  we  conceive  of  the  organisms  which  go  to  form  the 
exanthem  as  acting  against  a  more  or  less  fully  developed 
immunity.    This  condition  of  immunity  might  be  dependent 
upon  an  early  development  of  the  general  immunity  arising 
from  the  primary  pock,  and  be  conditioned  by  its  locus.  In 
any  case  a  vaccination  on  the  skin  at  the  time  of  exposure 
produces  an  immunity  which  develops  before  the  exanthem, 
probably  killing  the.  organisms  in  transit  from  the  protopust- 
ule  to  the  skin,  and  so  inhibiting  the  eruption. 

This  suggests  an  explanation  of  the  failure  of  all  attempts 
to  abort  the  exanthem  in  variola  vera  by  the  injection  of 
what  certainly  were  highly  germicidal  sera  (Beclere  and 
others). 

It  is  evident  that  at  the  time  when  the  case  is  a  fully 
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declared  smallpox  and  is  put  under  treatment  the  organisms 
arc  inaccessible  to  the  serum.  To  be  effective  the  serum 
would  have  to  be  given  before  the  disease  had  advanced  to  a 
diagnosable  state.  Such  sera  might  be  useful  in  cases  where 
a  patient,  well  advanced  in  smallpox,  is  discovered  in  an  un- 
vaccinated  family.  The  unprotected  ones  in  contact  with 
such  a  case  will  probably  be  in  the  incubation  stage  of  small- 
pox, and  might  be  protected  from  a  variola  vera  with  exan- 
them  by  injections  of  serum. 

CONCLUSIONS. 

1.  The  immunity  which  accompanies  the  development  of 
a  vaccine  lesion  on  the  skin  of  a  monkey  becomes  manifest 
between  the  sixth  and  eleventh  day. 

2.  After  a  variola  lesion  of  the  skin  the  immunity  appears 
between  the  fifth  and  eighth  day. 

3.  The  organisms  which  produce  this  exanthem  in  variola 
inoculata  in  the  monkey  pass  from  the  point  of  inoculation  to 
the  skin  before  the  onset  of  the  general  immunity. 

4.  The  development  of  an  exanthem  in  variola  inoculata 
in  the  monkey  is  not  dependent  upon  a  late  development  of 
the  immunity  reaction  of  the  animal. 

5.  The  use  of  variolicidal  sera  is  indicated  only  in  cases 
where  it  can  be  administered  during  the  incubation  stage  of 
the  disease. 
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Part  IV. 

ON  THE  OCCURRENCE  OF  CYTORYCTES  VARIOL/E,  GUARN- 
IERI,  IN  EXPERIMENTAL  VARIOLA  AND  VACCINIA  IN 
THE  MONKEY  AND  IN  THE  ORANG  UTAN. 

W.  R.  Brinckerhoff  and  E.  E.  Tyzzer. 

In  a  previous  publication,  from  the  Department  of  Pathol- 
ogy of  the  Harvard  Medical  School,  the  specific  inclusions 
found  in  the  cells  in  vaccinia  and  variola,  which  have  been 
the  subject  of  investigation  by  Guarnieri  and  others,*  were 
described  at  length,  and  the  conclusion  was  reached  that  they 
were  intracellular  organisms.  In  addition  to  the  bodies  in 
the  protoplasm,  which  are  common  to  the  lesions  of  vaccinia 
and  of  variola,  a  series  of  bodies  were  found  within  the  nuclei 
of  the  epithelial  cells  in  the  specific  lesions  of  variola.  These 
intranuclear  bodies  were  first  described  by  Councilman, 
Magrath  and  Brinckerhoff,  and  were  regarded  by  them  as 
phases  of  the  organism  peculiar  to  smallpox. 

In  the  present  paper  the  name  "  Cytoryctes "  will  be 
applied  to  the  specific  nuclear,  as  well  as  to  the  specific 
cytoplasmic  forms.  Since  the  morphology  of  these  various 
forms  has  been  fully  described  by  a  number  of  observers! 
this  phase  of  the  problem  will  not  be  treated  in  this  paper, 
attention  being  directed  to  the  occurrence  and  distribution 
of  these  inclusions  in  various  lesions  produced  experimentally 
in  monkeys  and  in  the  orang  utan. 

LITERATURE.  —  Since  the  preliminary  report  on  variola 
by  Councilman,  Magrath  and  Brinckerhoff, J  Bosc  has  pub- 
lished a  series  of  articles  relating  to  smallpox  and  vaccinia. 
He  describes  in  vaccinia  and  in  variola  cytoplasmic  forms 

*  For  literature  to  1904,  see  Journal  of  Medical  Research,  Vol.  xi,  p.  116. 
t  Councilman,  Magrath  and  Brinckerhoff ;  =  Calkins;1  Howard  and  Perkins; 
Bosc.  *,  8 

\  Councilman,  Magrath  and  Brinckerhoff,8  May,  1903. 
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which  possess  definite  structure  and  which  pass  through  a 
developmental  cycle  resulting  in  multiplication.  In  variola 
he  describes  an  additional  cycle  within  the  nucleus,  and  the 
forms  pictured  are  similar  to  those  discovered  by  Councilman. 
He  believes  these  structures  to  be.  the  causal  agent  in  the 
disease. 

Ewing  7  considers  the  cytoplasmic  forms  of  Cytoryctes  as 
products  of  degeneration  of  the  cyto-reticulum,  in  support  of 
which  he  cites  the  intimate  relation  of  the  bodies  to  the  retic- 
ulum of  the  cell.  The  cycle  presented  by  the  various  forms 
he  believes  to  be  one  of  degeneration  rather  than  develop- 
ment, and  is  unable  to  distinguish  certain  features,  such  as 
nuclear  structure,  spore  formation,  and  multiplication,  which 
characterize  the  well-known  protozoan  parasites. 

Ewing  finds  the  nuclear  forms  specific  to  smallpox,  but  does 
not  consider  that  sufficient  proof  has  been  adduced  to  identify 
them  as  organisms.  He  finds  them  identical  in  staining  re- 
action with  nucleoli  and  linin  globules,  and  claims  to  demon- 
■  strate  transitions  between  the  latter  and  the  larger  vacuolated 
forms.  The  presence  of  these  structures  in  cells  advanced  in  , 
degeneration  he  regards  as  against  the  parasitic  theory. 

Howard  and  Perkins  9  confirm  the  life  cycle  of  Cytoryctes 
as  presented  by  Calkins  and  present  a  hitherto  undescribed 
secondary  cytoplasmic  stage.  They  believe  that  it  is  this 
form  which  first  invades  the  nucleus  and  gives  rise  to  the 
nuclear  phases  previously  described. 

Ewing,8  in  a  more  recent  publication,  presents  results 
obtained  by  the  application  of  the  klatsch  method  of  making 
histological  preparations.  He  claims  that  by  this  method 
there  is  less  artifact,  especially  as  regards  shrinkage,  than  in 
tissue  fixed  and  sectioned  by  the  usual  methods.  After  ap- 
plying this  technic  to  the  study  of  vaccine  lesions  of  the 
cornea  and  skin  he  concludes  that  the  vaccine  body  is  a 
portion  of  the  cyto-reticulum,  the  alteration  in  its  staining 
reaction  being  due  to  a  diffusion  of  nuclear  proteids  into  the 
cytoplasm.  He  suggests  the  possibility  of  the  presence  of 
specific  organisms  within  these  "  degenerations."  He  admits 
the  vaccine  bodies  to  be  specific  to  variola  and  vaccinia. 
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Siegel 11  confirms  previous  descriptions  of  the  cytoplasmic 
forms,  but  suggests  that  the  nuclear  forms  described  by 
Councilman  are  post-mortem  artifacts.  He  bases  this  infer- 
ence on  the  statement  of  Tyzzer  that  he  was  unable  to  find 
these  intranuclear  forms  in  perfectly  fresh  tissue,  and  utterly 
disregards  the  experimental  work  on  monkeys  in  which  the 
presence  of  the  nuclear  bodies  was  shown  in  perfectly  fresh 
tissue. 

Davidson6  studied  the  tissues  of  a  case  of  variola  and 
found  the  cytoplasmic  but  no  nuclear  forms. 

Shrumpf10  does  not  consider  either  the  nuclear  or  cytoplas- 
mic inclusions  to  be  organisms.  His  conclusions  do  not 
seem  to  be  based  upon  very  extensive  studies. 

Technic. — The  details  of  inoculation  in  the  series  of 
experiments  from  which  our  material  for  this  study  was 
obtained  are  given  in  full  in  other  sections  of  this  paper  and 
need  not  be  repeated.  Attention  is  called,  however,  to  the 
fact  that  the  method  of  making  multiple  inoculations  upon 
the  skin  furnished  lesions  of  sufficient  number  to  excise  one 
at  each  twenty-four-hour  interval  from  the  time  of  inocula- 
tion until  repair  had  begun.  By  this  method  it  is  possible 
to  obtain  all  stages  of  the  process  in  each  animal.  In  the 
study  of  the  disease  produced  in  other  ways  than  by  inocula- 
tion upon  the  skin,  animals  of  a  given  series  were  killed  at 
regular  intervals,  usually  twenty-four-hour  periods,  from  the 
time  of  the  inoculation  and  the  lesions  and  tissues  fixed  for 
histological  study.  All  tissue  was  put  at  once  in  Zenker's 
fluid  for  fixation  and  afterward  imbedded  in  paraffin  by  the 
alcohol-chloroform  method.  Sections  having  a  thickness  of 
about  five  microns  were  cut,  except  in  a  few  instances  when 
sections  of  one-half  this  thickness  were  prepared.  The 
Mallory  eosin-methylene  blue  method  of  staining  gives  very 
satisfactory  results  for  the  study  of  Cytoryctes  and  was  gen- 
erally used.  A  large  number  of  the  staining  methods  now 
in  common  use  were  tried,  but  none  were  found  to  be  specific 
for  Cytoryctes. 

The  lesions  upon  which  this  histological  study  is  based 
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uce  obtained  chiefly  from  Philippine  monkeys  (M.  cynomol- 
o"us)  inoculated  with  vaccine  or  with  variola  virus.  These 
were  supplemented  by  variola  lesions  of  the  Java  monkey 
(M.  nemestrinus),  variola  lesions  of  the  orang  utan  (S.mia 
satyrus)  and  primary  vaccinations  from  the  human  subject. 
The  material  furnished  by  the  various  series  of  experiments 
is  as  follows  : 

i  Vaccine  lesions  of  the  skin.  -  Fifteen  Philippine 
monkeys  each  with  multiple  vaccinations:  a  lesion  excised  at 
each  twenty-four-hour  interval  from  one  to  ten  days  after  in- 
oculation. Eleven  other  monkeys  killed  at  various  periods 
after  vaccination.  Two  vaccine  lesions  of  the  human  subject 
obtained  five  and  seven  days  respectively  after  vaccination. 

2.  Vaccination  of  the  cornea.  —  Nine  monkeys  furnishing 
lesions  of  seventeen,  twenty-four,  and  forty-eight  hours,  and 
three,  four,  five,  seven,  and  eight  days  duration. 

3.  Vaccinations  of  mucous  membrane.  —  Nine'  monkeys 
vaccinated  upon  the  inner  surface  of  the  lip,  on  the  nasal 

•  septum,  and  on  the  soft  palate.    Killed  at  twenty-four-hour 
intervals  from  one  to  nine  days. 

4.  Primary  variola  lesions  of  the  skin.  —  Ten  monkeys 
each  receiving  multiple  inoculation:  a  lesion  excised  each 
day  as  in  the  skin  vaccination  series.  Eleven  other  Philip- 
pine monkeys  killed  at  various  intervals  after  inoculation. 
Three  Java  monkeys:  lesions  excised  at  twenty-four-hour 
intervals  from  three  to  nine  days  after  variolation.  An  orang 
utan  furnished  lesions  six,  seven,  and  eight  days  after 
variolation. 

5.  Variolations  of  the  cornea.  —  Nineteen  monkeys. 

6.  Primary  variola  lesions  of  the  mucous  membrane.  — 
Nine  monkeys  variolated  on  the  inner  surface  of  the  lip,  on 
the  nasal  septum,  and  on  the  soft  palate:  killed  at  twenty- 
four-hour  intervals  from  one  to  nine  days.  Five  monkeys 
variolated  on  the  nasal  septum  alone:  killed  two,  three,  four, 
five,  and  six  days  after  the  inoculation. 

7.  Primary  variola  lesions  of  the  trachea.  —  Eight 
monkeys.  In  one  of  these  there  was  also  a  specific  process 
in  the  lung,  possibly  an  extension  from  the  trachea. 
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8.  Variola  exanthem.  —  Lesions  appearing  at  various 
locations  upon  the  skin  after  an  interval  of  six  to  ten  days 
after  inoculation  with  variola.  The  eruption  of  one  case  in 
which  it  was  profuse  upon  the  mucous  membrane  of  the 
oral  cavity  and  esophagus  as  well  as  upon  the  skin.  In  this 
case  there  were  also  lesions  of  a  specific  nature  in  the  semi- 
nal vesicle  which  were  considered  a  part  of  the  eruption. 

This  material  furnishes  data  on  the  occurrence  of  Cytoryc- 
tes  in  lesions  produced  by  the  inoculation  of  three  species  of 
apes  with  variola,  and  in  vaccine  lesions  of  the  Philippine 
monkey  and  of  man. 

I.    The  occurrence  of  Cytoryctes  variolar  in  vaccinia. 

Cytoplasmic  forms  are  found  in  every  lesion  following  the 
inoculation  of  vaccine  in  which  there  is  a  characteristic 
process.  In  the  vaccination  lesions  of  the  skin,  Cytoryctes 
are  usually  demonstrable  forty-eight  hours  after  inoculation, 
and  in  a  few  instances  twenty-four  hours  after  inoculation. 
They  persist  in  the  lesions  up  to  eight  days  after  the  vaccina- 
tion and  may  occasionally  be  found  in  small  numbers  for  a 
longer  period.  They  are  found  at  the  sides  of  the  vesicles 
where  there  is  a  gradual  transition  from  normal  epithelium 
to  that  in  which  degeneration  is  advanced.  The  small, 
deeply  stained,  and  sharply  defined  forms  are  found  at  the 
periphery  where  the  epithelium  is  nearly  normal.  The 
expanded  indefinite  forms,  which  Calkins  has  described  as 
ameboid  forms,  and  residual  masses  from  which  the  granules 
have  disappeared  are  found  in  older  portions  of  the  lesion. 
These  indefinite  forms  are  present  in  lesions  of  seventy-two 
hours  duration,  and  in  some  cases  in  lesions  of  forty-eight 
hours  duration.  In  the  early  lesions  they  are  found  in  rela- 
tively small  foci  but,  as  the  process  advances,  they  are  dis- 
tributed through  a  greater  mass  of  the  epithelium.  They 
are  often  distinguishable  in  cells  advanced  in  degeneration, 
but  are  not  distinguishable  in  the  fluid  of  the  vesicle.  In 
several  lesions  Cytoryctes  were  found  in  the  endothelium  and 
in  other  cells  about  a  small  superficial  blood  vessel  just 
beneath  the  vesicle. 
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The  process  produced  by  the  vaccination  of  the  cornea  is 
accompanied  in  every  instance  by  the  cytoplasmic  forms  of 
Cytoryctes  With  the  extensive  destruction  of  epithelium 
in  these  inoculations,  a  considerable  surface  is  denuded  so 
that  Cytoryctes  are  present  only  in  small  numbers  at  the 
edge  of  the  degenerating  epithelium. 

In  the  vaccine  lesions  of  the  lip,  nose,  and  soft  palate 
Cytoryctes  are  constantly  present.     Their   distribution  is 
similar  in  these  lesions  to  that  in  the  skin  lesions,  the  small 
sharply  denned  forms  at  the  periphery  and  the  larger  expanded  ■ 
forms  in  the  older  portion  of  the  process. 

In  this  large  number  of  vaccine  lesions  produced  by  the 
inoculation  of  monkeys  with  four  different  strains  of  vaccine 
virus,  the  nuclear  forms  of  Cytoryctes,  as  found  in  variola,  do 
not  occur.    In  vaccine  lesions  it  is  not  uncommon,  however, 
to  find  nuclei  distended  with  eosin-stained  material  in  the 
form  of  reticulum,  hyaline  granules,  or  globules.    In  some 
cases  inclusions  of  this  sort  are  abundant.    The  eosin-stained 
masses  may  have  a  regular,  definite  contour,  or  they  may  be 
faint  and  indefinite  in  outline.    The  reticular  masses  usually 
have  an  irregular  or  frayed  periphery.    Greatly  distended 
nuclei  may  contain  a  large  number  of  rounded  globules  of 
uniform  size  which,  in  some  instances,  show  a  tendency  to 
vacuolation,  or  in  other  instances  may  possess  deeply  stain- 
ing centers.    These  inclusions  often  contain  masses  of  deeply 
stained  material,  evidently  the  chromatin  of  the  epithelial 
cell.    However,  vaccine  lesions  of  the  skin,  the  cornea,  and 
the  mucous  membrane  of  the  lip,  nose,  and  soft  palate,  taken 
at  all  stages  of  the  process  from  its  beginning  up  to  the  time 
of  repair,  fail  to  show  the  presence  of  the  specific  nuclear 
bodies  found  in  variola.    Two  primary  vaccine  lesions  in  a 
native  child,  obtained  at  five  and  seven  days,  respectively, 
after  vaccination  present  no  nuclear  forms  such  as  are  found 
in  variola  lesions. 
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2.    The  occurrence  of  Cytoryctes  variolar  in  primary  variola 

lesions. 

Primary  lesions  produced  by  the  inoculation  of  Philippine 
monkeys  (M.  cynomologus)  with  variola  virus  are  constantly 
associated  with  the  cytoplasmic  forms.  The  distribution  of 
these  forms  in  variola  skin  lesions  differs  in  one  respect  from 
their  distribution  in  vaccine  lesions  of  the  skin.  In  the 
process  which  is  present  beneath  the  epithelium  in  the 
primary  variolation,  and  which  involves  the  dermis  and  sub- 
cutaneous tissue,  Cytoryctes  are  present  in  large  numbers. 
They  are  found  within  endothelial  cells  in  situ  within  the 
vessels  or  lying  in  the  adjacent  tissue.  The  endothelium  of 
blood  vessels  as  well  as  lymphatics  is  thus  affected.  Three 
Java  monkeys  (M.  nemestrinus)  afforded  skin  variola  lesions 
of  a  peculiar  type.  The  process  affects  but  a  small  area  of 
the  epithelium,  while  the  dermis  and  subcutaneous  tissue 
show  an  extensive  lesion.  Cytoplasmic  forms  are  present  in 
the  endothelial  cells  found  in  this  region,  often  in  sections  in 
which  they  are  not  demonstrable  in  the  epidermis. 

The  time  occurrence  of  the  cytoplasmic  forms  is  practi- 
cally identical  to  that  in  vaccine  lesions  of  the  skin.  They 
are  present  in  lesions  of  forty-eight  hours  duration,  and  in 
some  instances  in  lesions  of  twenty-four  hours  duration.  They 
usually  disappear  from  the  lesion  nine  days  after  inoculation, 
but  occasionally  they  are  found  subsequent  to  this  in  small 
foci.  Their  distribution  in  the  epithelial  portion  of  the 
lesion  is  similar  to  that  in  vaccine  lesions.  The  nuclear 
forms  of  Cytoryctes  are  found  in  the  majority  of  lesions 
resulting  from  variolation  of  the  skin  of  both  the  Philippine 
and  the  Java  monkey.  In  no  case  are  these  forms  numerous. 
In  many  cases  the  study  of  a  single  section  through  the 
lesion  reveals  one  or  several  of  these  forms.  A  prolonged 
search  through  a  great  many  sections  is  necessary  in  other 
cases  to  find  a  single  typical  nuclear  form.  They  are  usually 
found  in  cells  forming  the  floor  of  the  vesicle,  or  in  the  cells 
of  the  hair  follicles  where  the  degeneration  of  cells  is 
advanced.    Associated  with  the  typical  nuclear  forms  are 
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other  inclusions,  which,  however,  are  not  specific  to  variola. 
These  appear  as  ,„»««  of  stringy  reticulum  hyahne  bod.es, 
.  le  and  globules  within  the  nuclei,  similar  to  the  forms 
already  described  in  vaccinia.  They  may  include  portions 
the  nuclear  chromatin.  They  may  all  be  duplicated  » 
vaccine  lesions,  but  they  are  here  not  nearly  so  abundant  as 
in  he  variola  I  sions.  The  reaction  of  these  structures ,  to the 
eosin-methylene  blue  stain  is  apparently  identlcal  w,th  that 
of  the  specific  nuclear  forms. 

In  the  skin  variolations  hyaline  masses  withm  the  nude, 
may  show  tendency  to  vacuolation,  or  they  may  have  definite 
rings  imbedded  in  their  substance'.  Intranuclear  forms  of 
Cytoryctes  are  found  in  variolations  of  the  skin  from  three 
to  eight  days  after  inoculation.  As  they  were  so  uncertain 
in  their  occurrence  one  could  not  well  judge  at  what  time 
they  were  most  numerous.  In  all  cases  they  were  preceded 
by  the  cytoplasmic  forms  and  were  never  found  without 
these 

In  'primary  variola  lesions  of  the  orang  taken  six,  seven, 
and  eight  days  after  inoculation,  nuclear  forms  are  very 
abundant.  A  variety  of  both  the  specific  forms  and  the  non- 
specific reticular  and  hyaline  bodies  may  be  found  m  a  single 
section.  In  this  respect  the  skin  variolations  in  the  orang 
differ  greatly  from  those  of  the  two  species  of  monkey  em- 
ployed which  show  relatively  few  nuclear  forms.  Cytoplas- 
mic forms  are  present  in  these  variola  lesions  of  the  orang. 
Their  distribution  is  similar  to  that  in  the  preceding  species. 

In  the  lesions  following  variolation  of  the  monkey's  cornea 
the  cytoplasmic  forms  are  constantly  present,  but  never  the 
nuclear  forms.  The  cytoplasmic  forms  appear  rather  more 
numerous  than  in  vaccinations  of  the  cornea,  probably  on 
account  of  the  retention  of  the  epithelium.  They  are  found 
in  lesions  of  twenty-four  hours  after  inoculation,  and  are 
present  in  lesions  of  eleven  days  duration  beyond  which  t.me 
we  have  no  material.  This  non-occurrence ^of  intranuclear 
forms  is  probably  due  to  physical  conditions.* 

In  the  primary  inoculations  of  the  lip,  the  nose,  and  the 

•  See  Part  II.,  Sec.  3,  p.  296. 
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palate  the  occurrence  and  distribution  of  both  cytoplasmic 
and  nuclear  forms  are  essentially  the  same  as  found  in  skin 
variolations.  In  one  instance  the  nuclei  of  the  nose  lesion 
are  filled  with  the  non-specific  eosin  staining  inclusions,  but 
there  are  but  few  typical  intranuclear  bodies. 

In  lesions  of  the  trachea,  produced  by  inoculation  with 
variola  virus,  cytoplasmic  forms  are  present.  In  one  case  a 
specific  variolous  pneumonia  accompanied  the  inoculation  of 
the  trachea,  and  Cytoryctes  are  present  within  the  epithelial 
cells  lining  the  alveoli.  The  process  appears  in  this  case  to 
have  extended  from  the  bronchus  into  the  lung  substance. 

3.    The  occurrence  of  Cytoryctes  variolse  in  exanthem 

lesions. 

A  general  eruption  followed  the  inoculation  of  various  sites 
upon  the  body  with  variola  virus.  Eruptions  were  produced 
by  the  inoculation  of  the  skin,  the  cornea,  the  mucous  mem- 
brane of  the  lip,  nose,  and  palate,  the  trachea,  and  by  intra- 
venous injection  of  variola  virus.  The  lesions  of  the  eruption 
appear  after  periods  of  from  six  to  ten  days  subsequent  to 
inoculation. 

Cytoplasmic  forms  are  found  constantly  in  these  eruption 
lesions,  except  in  those  in  which  repair  is  advanced.  Except 
in  the  exanthem,  resulting  from  intravenous  injection,  the 
specific  nuclear  forms  are  rare.  They  are,  however,  found 
in  the  exanthem  following  skin  inoculation  in  several  cases, 
and  it  is  probable  that,  by  a  study  of  a  greater  number  of 
lesions  and  a  longer  series  of  sections,  they  would  be  shown 
to  occur  in  a  large  number  of  cases.  The  exanthem  follow- 
ing intravenous  injection  furnishes  a  greater  number  of 
nuclear  forms  than  any  other  experimental  lesion,  with  the 
exception  of  the  primary  lesion  of  variola  inoculata  in  the 
orang,  in  this  respect  approaching  the  character  of  the 
variola  vera  eruption  in  man. 

Besides  the  lesions  appearing  as  an  eruption  on  the  sur- 
face of  the  body  following  inoculation  with  variola  virus, 
sirr  jar  lesions  may  appear  on  the  mucous  membranes,  or  in 
more  remote  organs.     Following  the  inoculation  of  the 
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tracheal  epithelium  of  a  monkey  through  an  inc,s10n  in  the 
neck,  there  was  not  only  a  profuse  eruption  upon  the  skin, 
but  likewise  upon  the  mucous  membrane  of  the  mouth, 
cheek  pouches,  and  esophagus,  and  also  in  the  seminal 
vesicles.  In  all  these  lesions  the  cytoplasmic  forms  of  Cyto- 
ryctes  are  present. 

4.  The  occurrence  of  Cytoryctes  in  reinoculations. 
In  many  animals,  which  had  been  inoculated  upon  the  skin 
with  variola  virus,  a  subsequent  inoculation  of  the  cornea 
with  variola  or  vaccine  virus  resulted  in  a  typical  reaction. 
The  corneal  lesions  in  these  cases  contain  Cytoryctes  which 
cannot  be  distinguished  from  those  of  first  inoculation  lesions. 

5.    The  occurrence  of  Cytoryctes  variola;  in  lesions  pro- 
duced with  attenuated  virus. 
Lesions  produced  by  the  inoculation  of  dried  smallpox  or 
vaccine  virus  appeared  later,  and  ran  a  milder  course  than 
'  was  the  case  with  fresh  virus.    In  these  lesions  Cytoryctes 
were  present  in  small  numbers,  this  being  due  apparently  to 
the  limited  area  affected.    They  were  morphologically  iden- 
tical with  those  occurring  in  other  lesions. 


SUMMARY  AND  CONCLUSIONS. 

1 .  The  cytoplasmic  forms  of  Cytoryctes  variolar  are  found 
constantly  in  all  specific  lesions  resulting  from  inoculation 
with  variola  or  with  vaccine  virus.  They  appear  in  the 
primary  lesions  of  both  variola  inoculata  and  vatcinia  soon 
after  the  inoculation.  They  persist  in  the  primary  skin 
lesions  for  about  eight  days  after  inoculation  at  which  time 
immunity  is  established  and  repair  is  beginning.  In  variola 
inoculata  the  exanthem  as  well  as  the  primary  lesions  contain 
cytoplasmic  forms. 

2.  Intranuclear  forms  are  found  within  the  epithelial  nuclei 
in  lesions  resulting  from  the  inoculation  of  the  monkey  with 
variola  virus  and  do  not  occur  in  vaccine  lesions.  These 
structures    are   specific   for    variola.     Other  non-specific 
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nuclear  inclusions  occur  in  vaccinia,  in  variola,  and  in  other 
non-related  processes. 

3.  The  nuclear  forms  of  Cytoryctes,  which  are  found  only 
in  small  numbers  in  the  primary  skin  lesion  of  variola  inocu- 
lata  in  the  monkeys,  M.  cynomologus  and  M.  nemestrinus, 
are  present  in  far  greater  numbers  in  the  corresponding 
lesion  of  the  orang. 

4.  Nuclear  forms  were  only  occasionally  found  in  lesions 
of  the  general  eruption  following  the  inoculation  of  the  skin 
of  the  monkey  with  variola  virus,  but  were  very  numerous  in 
the  eruption  which  followed  the  intravenous  injection  of 
variola  virus  into  the  tail  vein  with  subsequent  amputation  of 
the  tail  proximal  to  the  point  of  inoculation.  This  eruption 
resembles  in  this  as  well  as  in  other  respects  the  eruption  of 
variola  vera  in  man. 

5.  The  cytoplasmic  forms  of  Cytoryctes  are  constantly  as- 
sociated with  variola  and  vaccinia  in  whatever  portion  of  the 
body  the  lesions  may  develop.  Thus  they  are  found  in- 
cluded in  a  variety  of  cells,  the  squamous  epithelium  of  the 
skin,  the  cornea,  the  mucous  membrane  of  the  nose,  oral 
cavity,  and  esophagus ;  the  cells  of  the  sebaceous  and 
Meibomian  glands ;  the  epithelium  of  the  conjunctiva;  the 
columnar  epithelium  of  the  nose,  trachea,  and  seminal  vesicle  ; 
the  epithelium  lining  the  alveoli  of  the  lung ;  endothelial 
cells  and  connective  tissue  cells. 

6.  The  occurrence  of  Cytoryctes  in  the  cells  of  the  corium, 
and  especially  within  the  endothelium  of  vessels,  suggests  a 
possible  method  of  dissemination  of  the  organism  in  the  pro- 
duction of  the  exanthem.  Endothelial  cells  containing 
Cytoryctes  were,  however,  also  found  in  a  few  instances  in 
vaccine  lesions,  a  form  of  the  disease  never  accompanied  by 
a  general  eruption. 

7.  The  occurrence  and  distribution  of  the  specific  in- 
clusions is  best  explained  by  the  hypothesis  that  they  are 
parasites,  and  that  as  such  they  are  the  cause  of  the  disease. 
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Part  V. 

STUDIES  UPON  THE  REACTIONS  OF  VARIOLA  VIRUS  TO 
CERTAIN  EXTERNAL  CONDITIONS. 

W.  ft.  Brinckerhoff  and  W.  E.  Tyzzcr. 

INTRODUCTION.  —  In  the  experiments  described  in  the 
other  parts  of  this  report  we  have  been  engaged  with  the 
reactions  of  the  inoculated  animal  to  the  contagia  of  small- 
pox and  of  vaccinia.  In  this  section  we  propose  to  empha- 
size the  changes  which  the  contagium  itself  undergoes  under 
certain  experimental  conditions. 

The  contagium  of  variola  is  demonstrable  in  the  specific 
skin  lesions  of  human  smallpox  and  in  the  lesions  produced 
in  various  animals  by  inoculation  with  such  material.  The 
proof  of  the  presence  of  the  contagium  depends  upon  the 
results  of  inoculation  of  a  suitable  animal  with  the  suspected 
material,  as  no  cultural  or  micro-chemical  technic  has  been 
devised  which  permits  of  the  certain  identification  of  the 
organism,  save  in  sections  of  the  specific  lesion.    This  being 
the  case,  we  have  few  criteria  for  estimating  the  quality  of  a 
given  sample  of  virus.    By  inoculation  of  the  monkey  we  can 
determine  whether,  or  not  the  virus  will  produce  the  typical 
variolous  lesion,  and  if  it  does  do  so  we  can  classify  the  lesions 
produced  by  different  strains  of  virus  according  to  the  course 
of  development  of  the  primary  lesion,  the  occurrence  and 
extent  of  the  exanthem,  and  the  degree  of  constitutional  reac- 
tion.   From  this  data  we  may  draw  certain  inferences  as  to 
the  quality  of  the  samples  of  virus  tested.    We  give  below 
the  results  of  such  tests  of  various  samples  of  virus  which 
had  been  treated  in  such  wise  as  to  modify  their  properties. 

(a.)    The  effect  of  keeping  upon  variola  virus. 
No,  71. — A  sample  of  viruscollected  from  a  case  of  small- 
pox, at  autopsy,  in  the  pustular  stage,  produced  a  positive 
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reaction  when  inoculated  on  the  abdomen  of  a  monkey  (M. 
cynomologus).  The  virus  was  placed  in  an  ice  box  where  it 
was  exposed  to  a  varying  temperature  which  at  times  reached 
many  degrees  above  freezing.  Fifty-seven  days  later  the 
virus  was  found  to  have  a  putrid  odor.  Inoculations  on  the 
abdomen  of  a  monkey  and  on  the  cornea  of  a  rabbit  yielded 
no  reaction  of  any  sort. 

Another  sample  of  virus  became  putrid  after  a  few  days 
keeping,  yet  yielded  typical  takes  when  inoculated  on  the 
monkey's  skin.  On  many  occasions  vesicle  contents,  sealed 
in  capillary  tubes  and  kept  on  ice,  was  found  potent  after 
three  weeks. 

NQ>  44.  — Variola  disks  collected  from  cases  of  the  epidemic 
in  Boston,  U.S.A.,  during  February,  1902,  were  tested  sixteen 
months  later.  The  material  had  been  subjected  to  the  high 
temperature  of  the  steamer's  hold  during  the  journey  across 
the  Pacific.  Inoculations  on  the  monkey's  skin  and  on  the 
rabbit's  cornea  were  negative. 

No.  48.  —  Vesicle  contents  collected  from  a  case  in  the 
Philadelphia  epidemic  during  January,  1902,  sealed  in  capil- 
lary tubes  and  exposed  to  the  same  conditions  as  the  Boston 
disks,  was  found  inactive  when  inoculated  on  the  rabbit's 
cornea  four  months  later. 

(b.)    The  effect  of  drying  upon  variola  virus. 

This  series  of  experiments  was  undertaken  to  test  the  re- 
sistance of  variola  virus  to  drying  at  room  temperature.  For 
comparison  parallel  experiments  were  made  with  vaccine 
virus. 

The  ends  of  a  number  of  glass  rods  were  coated  with  a  thin 
film  of  vesicle  contents  from  a  case  of  smallpox.  Similar 
preparations  were  made  from  the  five-day  vaccine  lesions  of  a 
calf.  The  rods  were  put  at  once  into  sterile  test  tubes,  closed 
with  cotton  plugs,  and  kept  at  room  temperature. 

After  two  weeks  the  rods,  coated  with  vaccine  virus,  pro- 
duced typical  lesions  on  the  monkey's  skin  when  rubbed  upon 
a  fresh  scratch.    The  rods  coated  with  variola  virus  were 
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inactive.  After  three  weeks  the  variola  rods  were  again 
tested  and  found  inactive.  A  final  test  of  the  vaccine  rods, 
three  and  a  half  weeks  after  preparation,  showed  them  to  have 
also  become  inactive. 

(c.)    The  effect  of  passage  through  the  Berkefeld  filter  upon 

variola  virus. 

A  sample  of  variola  virus  (No.  199,  vesicle  contents)  was 
shown  to  be  active  when  inoculated  upon  the  skin  of  monkeys. 
A  portion  of  the  virus  was  filtered  through  a  small  Berkefeld 
filter,  "N."  The  filtrate  was  inactive  when  inoculated  on  the 
skin  of  two  monkeys  and  on  the  cornea  of  one  rabbit.  The 
monkeys  used  in  this  test  were  later  shown  to  be  susceptible 
to  skin  inoculation  with  variola  virus.  The  unfiltered  portion 
of  virus  199  was  shown  to  be  active  for  many  days  after  the 
test  of  the  filtered  portion. 

(d.)    The  effect  of  glycerine  upon  variola  virus. 

In  a  previous  publication  *  we  stated  that  we  had  found 
variola  virus  inactivated  by  mixture  with  glycerine.  The 
following  tests  were  done  to  control  the  results  of  our  pre- 
liminary experiments  along  this  line  : 

No.  252.  —  A  large  amount  of  variola  virus,  vesicle  con- 
tents, was  collected  from  a  case  of  smallpox  at  autopsy.  The 
material  was  put  on  ice  and  after  twenty-four  hours  a  portion 
of  it  was  mixed  with  sixty  per  cent  glycerine  in  the  propor- 
tion of  one  part  virus  to  three  parts  glycerine.  The  mixture 
was  thoroughly  shaken  and  kept  on  ice.  The  glycerinated 
virus  was  tested  from  time  to  time  by  inoculation  on  the 
monkey's  skin. 

No.  255.  —  Monkey  inoculated  on  the  abdomen  with  the 
glycerinated  virus  after  three  days  on  ice.  A  typical  primary 
lesion  developed,  but  its  evolution  was  somewhat  delayed. 
An  exanthem  consisting  of  two  typical  lesions  appeared  on 
the  tenth  day. 


*  Jour.  Med.  Research,  xi,  396. 
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No.  273.  Monkey  inoculated  on  the  abdomen  with  the 

glycerinatcd  virus  after  eleven  days  on  ice.  A  typical  pri- 
mary lesion  developed  and  was  followed  by  an  exanthem 
consisting  of  three  small  vesicles  on  the  tenth  day. 

No.  318. —Monkey  inoculated  as  before  with  glycerin- 
ated  virus  which  had  been  on  ice  for  twenty-six  days.  A 
typical  primary  lesion  developed  which  was  delayed  in  its 
evolution  and  was  not  followed  by  an  exanthem. 

No.  363.  —  Monkey  inoculated  as  before  with  the  glycerin- 
ated  virus  which  had  been  kept  on  the  ice  for  fifty  days. 
The  primary  lesion  was  typical,  but  delayed  in  its  evolution. 
No  exanthem  developed. 

(e.)    The  effect  upon  a  strain  of  variola  virus  of  repeated 
passages  through  the  monkey. 
No.  200.  —  Virus.    A  series  of  monkeys  were  inoculated 
with  this  strain  of  virus,  each  animal,  save  the  first,  being 
inoculated  with  curettings  of  the  primary  lesion  of  the  pre- 
vious monkey  of  the  series.    Typical  primary  lesions  devel- 
oped on  each  animal.    The  exanthem  was  profuse  after  the 
first  and  second  serial  inoculation,  but  was  sparse  in  the  third 
and  fourth  animal.    The  strain  was  transferred  to  two  ad- 
ditional monkeys  from  the  primary  lesions  of  the  second 
monkey  of  the  series,  and  in  each  of  these  animals  an  atypical 
primary  lesion  developed  but  was  not  followed  by  an  exan- 
them.   After  the  third  serial  transfer  the  strain  was  inocu- 
lated on  another  monkey,  yielding  an  atypical  primary  lesion 
followed  by  a  sparse  eruption.  A  transfer  from  the  primary 
lesion  of  this  animal  resulted  in  an  atypical  primary  lesion 
and  no  exanthem. 

A  series  of  four  monkeys  were  inoculated  by  transfer  of 
virus  from  the  exanthem,  beginning  with  the  second  animal 
of  the  first  series  described.  Each  animal  showed  a  typical 
primary  lesion  save  the  last,  in  which  the  process  was  some- 
what delayed.  A  profuse  exanthem  developed  in  each 
animal. 

The  strain  was  inoculated  at  each  transfer  of  the  above 
series  to  another  monkey,  and  in  each  case  yielded  an 
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atypical  primary  lesion.    The  first  transfer  was  followed  by 
a  moderately  extensive  exanthem. 

The  second  animal  of  the  series  of  inoculations  with  the 
virus  from  the  exanthem  was  used  as  a  source  of  virus  for 
testing  the  immunity  of  certain  monkeys.  The  contents  of 
the  primary  lesion  was  employed.  Three  animals  inoculated 
with  this  virus  developed  typical  primary  lesions  which  were 
followed  by  a  sparse  general  exanthem. 

No.  199.  —  Virus.  This  strain  of  virus  was  carried  through 
one  orang  utan  and  two  monkeys.  The  first  monkey  showed 
a  typical  primary  lesion  and  a  profuse  exanthem.  The 
second  monkey  did  not  react  to  the  inoculation. 

The  time  of  occurrence  and  the  evolution  of  the  exanthem 
in  all  the  monkeys  of  these  experiments  was  similar  to  that 
seen  in  animals  inoculated  with  fresh  human  variola  virus. 

SUMMARY. 

1.  A  variola  virus  (vesicle  contents  and  disk)  lost  its 
power  to  produce  a  specific  lesion  upon  the  skin  of  the 
monkey  after  prolonged  exposure  to  high  temperature,  to 
putrifaction,  and  to  desiccation. 

2.  A  sample  of  variola  virus  lost  its  power  to  produce  a 
specific  lesion  on  the  monkey's  skin  and  on  the  rabbit's 
cornea  by  passage  through  the  "  N  "  Berkefeld  filter. 

3.  A  sample  of  variola  virus  retained  its  power  to  pro- 
duce a  primary  lesion,  but  lost  its  exanthem-producing 
properties  after  exposure  to  sixty  per  cent  glycerine  for 
fifty  days. 

4.  A  strain  of  variola  virus  showed  less  and  less  power 
to  cause  a  typical  primary  lesion  on  the  monkey,  and  a 
waning  exanthem-producing  potentiality  after  repeated 
passages  through  monkeys. 

DISCUSSION.  —  The  reaction  of  vaccine  virus  to  drying 
and  to  the  action  of  glycerine  has  been  carefully  determined 
by  those  who  have  charge  of  the  preparation  of  vaccine  for 
protective  inoculations  against  smallpox.  It  is  a  matter  of 
common  knowledge  that  vaccine  retains  its  potency  for  a 
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comparatively  long  time  in  the  dry  state.  Our  experiments 
with  variola  virus  are  not  very  extensive,  and  we  hesitate  to 
draw  broad  conclusions  from  them  ;  but,  so  far  as  they  go, 
they  show  that  variola  virus  is  less  resistant  to  drying  than 
vaccine.  This  whole  question  of  the  comparative  resistance 
of  the  two  sorts  of  virus  to  physical  conditions  is  unsettled, 
and  presents  an  attractive  field  for  study. 

In  our  earlier  experiments  we  found  that  variola  virus  did 
not  retain  its  potency  in  the  presence  of  sixty  per  cent 
glycerine.  As  the  results  of  our  later  experiments  upon 
this  point  show  variola  virus  will  resist  the  action  of  glycer- 
ine for  a  considerable  period,  we  are  inclined  to  believe  that 
our  first  experiments  were  done  with  a  glycerine  that  was  not 
absolutely  neutral,  but  that  the  inactivation  of  the  virus  was 
due  to  an  acid  in  the  glycerine  and  not  to  the  action  of  the 
pure  reagent.  The  loss  of  the  power  to  develop  an  exan- 
them  after  prolonged  contact  with  glycerine  is  of  interest  and 
should  be  made  the  basis  of  further  work.  It  is  important 
to  determine  whether  this  loss  is  associated  with  any  change 
in  the  development  of  the  two  cycles  of  the  parasite. 

The  question  of  the  passage  of  the  variola  and  vaccine 
contagium  through  the  filter  has  been  the  subject  of  a  cer- 
tain number  of  experiments.  We  have  only  one  observation 
to  record  upon  this,  which  shows  that  the  organism  is  held 
back  by  the  filter.  It  is  to  be  noted  that  this  inactivation  of 
the  virus  by  filtration  was  tested  by  skin  inoculations  on  the 
monkey  and  did  not  exclude  the  presence  of  a  virus  which 
might  be  capable  of  being  carried  through  the  air  and  form- 
ing the  contagium  of  variola  vera. 

The  influence  of  serial  transfers  upon  the  variola  virus 
is  shown  in  our  series.  This  series  demonstrates  that  the 
virus  tends  to  die  out  when  transferred  from  monkey  to 
monkey.  This  is  in  contrast  with  the  stability  of  a  strain  of 
vaccine  on  an  animal. 

The  question  of  the  relative  virulence  of  different  strains 
of  virus  requires  for  its  intelligent  discussion  the  criteria  for 
judging  of  the  virulence  of  a  given  virus.  In  the  case  of 
variola  virus  the  reactions  of  the  animal  inoculated  consist  in 
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the  development  of  a  local  lesion,  the  development  of  an 
exanthem,  the  tumefaction  of  the  lymph  nodes,  and  in  some 
constitutional  disturbance.  The  two  former  present  many 
degrees  of  variation  and  seem  most  suitable  as  a  basis  for 
judgment  of  the  virulence  "of  the  virus  inoculated.  We  can 
distinguish  between  various  reactions  at  the  site  of  inocula- 
tion and  classify  them  as  typical,  atypical,  abortive,  etc.  We 
can  observe  the  occurrence,  the  extent,  and  the  evolution  of 
the  exanthem.  If  we  had  only  the  virus  to  consider  we 
should  classify  our  different  strains  or  samples  of  virus 
according  to  the  degree  of  local  reaction  at  the  site  of  inocu- 
lation and  the  nature  of  the  exanthem.  Such  a  direct  inter- 
pretation is,  however,  impossible,  as  we  have  to  take  into 
consideration  the  degree  of  natural  immunity  of  the  animal 
chosen  for  inoculation  to  a  virus.  In  order  to  estimate  this 
element  it  is  necessary  to  compare  the  results  of  the  inocu- 
lation of  several  animals  with  the  same  sample  of  virus.  If 
the  majority  of  the  animals  yielded  atypical  or  abortive 
lesions  we  should  be  warranted  in  saying  that  the  virus  was 
avirulent.  If,  on  the  other  hand,  a  majority  of  the  animals 
gave  typical  lesions,  we  should  classify  the  virus  as  virulent. 

Applying  this  test  to  all  our  experiments  we  find  that 
certain  strains  of  variola  virus  used  may  be  classified  as  vir- 
ulent and  others  as  avirulent.  We  may  also  say  that  the 
transfer  of  a  strain  of  variola  virus  from  one  monkey  to 
another  tends  to  reduce  its  virulence.  It  also  seems  to  be 
the  case  that  drying,  either  in  the  course  of  the  disease,  as 
in  the  formation  of  the  crust,  or  artificially,  reduces  the 
virulence.  In  the  same  way,  exposure  to  sixty  per  cent 
glycerine  lowers  the  virulence. 

This  brings  up  the  question  of  the  nature  of  the  difference 
between  variola  and  vaccine  virus.  The  two  strains  of 
virus  may  be  said  to  bear  a  relation  of  virulence  and  aviru- 
lence  to  one  another,  so  far  as  the  results  of  our  experiments 
go.  There  is,  however,  an  important  difference  between  the 
two  contagiums  which  we  have  not  been  able  to  bring  out 
experimentally,  but  which  is  a  matter  of  common  knowledge. 
This  difference  of  the  contagiums  may  be  put  as  follows: 
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Vaccine  produces  a  local  lesion  at  the  site  of  inoculation, 
but  no  exanthem,  and  is  not  air-borne.  Variola  produces 
a  local  lesion  at  the  site  of  inoculation,  an  exanthem,  and 
is  air-borne. 

The  occurrence  of  an  exanthem  and  of  an  air-borne  con- 
tagium  still  needs  explanation.  In  the  attenuation  of  a  strain 
of  variola  virus  we  see  that  the  exanthem-producing  poten- 
tiality is  lost  before  the  virus.becomes  entirely  inactive.  Vari- 
ola virus,  which  has  lost  its  power  to  produce  an  exanthem, 
has  practically  no  points  of  difference  from  a  vaccine  virus  so 
far  as  its  reactions  on  the  monkey  are  concerned.  Whether 
or  not  it  has  become  in  fact  a  vaccine  virus  could  only  be 
determined  by  inoculations  and  by  exposure  experiments 
with  human  beings.  Such  procedures  are,  of  course,  impos- 
sible, and  the  solution  of  the  problem  must  await  the  findings 
of  an  experimental  animal  in  which  variola  vera  can  be  pro- 
duced under  the  same  conditions  which  produce  the  disease 
in  man. 

CONCLUSIONS. 

1 .  Variola  virus  is  less  resistant  to  desiccation  than  vaccine 
virus. 

2.  Variola  virus  does  not  pass  through  the  "  N  "  Berke- 
feld  filter. 

3.  Variola  virus  is  attenuated  by  long  exposure  to  sixty 
per  cent  glycerine.  The  virus  so  treated  loses  its  power  to 
produce  an  exanthem  when  inoculated  on  the  skin  of  the 
monkey  (M.  cynomologus). 

4.  Variola  virus  tends  to  die  out  when  passed  repeatedly 
through  the  monkey.  The  exanthem-producing  power  is 
lost  before  the  virus  has  become  incapable  of  producing  a 
primary  lesion. 
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